-8^. 


>%-! 


>-  rf  — 


;;^. T-     ^t 


Digitized  by  tlie  Internet  Arcliive 

in  2010  witli  funding  from 

University  of  Toronto 


littp://www.archive.org/details/journalfranl<lini128fran 


THE  JOURNAL 

OF   THE 

Franklin  Institute, 


DEVOTED   TO 

SCIENCE  AND  THE  MECHflNIG  ARTS. 

EDITED  BY 

Chas.  Bullock,  Prof.  Persifor  Frazer,  D.Sc,  Prof.  Edwin  J.  Houston,  Theo. 

D.  Rand,  Prof.  Coleman  Sellers,  Committee  on  Publication  : 

•with  the  Assistance  of 

Dr.  Wm.  H.  Wahl,  Secretary  of  the  Institute. 

COLLABORATORS  : 

Prof.  L.  D'Auria,  Carl  Hering.  Prof.  S.  C  Sadtler, 

Prof.  Wm.  H.  Greene,         Dr.  S.  C.  Hooker,  Prof.  M.  B.  Snyder, 

Prof.  Lewis  M.  Haupt,         Prof.  Geo.  A.  Koeuig,  H.  W.  Spangler,  U.S.N., 

Prof.  Chas.  F.  Himes,  Otto  Liithy,  Prof.  Henry  Trimble. 

Prof  Wm.  D.  Marks, 


VOL.  CXXVIIL— Nos.  763-768.( 'V'^ 


/thikd  sekies, 

VOL.  XCVm. -JULY  TO  DECEMBER,  1889. 


PHILADELPHIA  : 
Published  by  the  Institute,  at  the  Hall,  15  South  Seventh  Street. 

i?89. 


F^ 


Of' 


2. 


JOURNAL  OF  THE   FRANKLIN  INSTITUTE. 


INDKX. 

Abney,  Captain,  on  Heliochromy.     (Ives) 339 

Aceto-metanitrobenzoic  Anhydride.     (Greene), 64 

Air,  Compressibility  of.     (Amagat) 196 

Allotropic  Forms  of  Silver.     (Lea) 73 

Altitudes,  Barometric  Determination  of.     (Gieseler), 321 

Aluminium,  Electrolytic  Reduction  of.     (Rogers), 486 

Aluminium.     (Roscoej, 174 

Amagat,  E.  H.     Compressibility  of  Oxygen,  Hydrogen,  Nitrogen  and  Air,  .    .    .  196 

Dilatation  of  Compressed  Liquids,  particularly  Water 193 

On  the   Dilatation  and  Compressibility  of  Water  and  the  Dis- 
placement of  its  Maximum  Density  by  Pressure, 477 

American   Isthmian   Canal  Routes.     (Ammen), 409 

Ammen,  Daniel  (U.  S.  N.).    American  Isthmian  Canal  Routes 409 

Army  of  Kukuanaland,  The.     (Michaelis) 258 

Aromatic  Series,  Derivatives  obtained  from  Bases  of  the.     (Smith) 156 

Baku  Petroleum  Deposit,  Information  as  to  the  Failure  of  the 395 

Ball-and-Socket  Joint,  White's  Adjustable   Extension  Movement    in.     Report  of 

the  Committee  on  Science  and  the  Arts, 89 

Barometer,  Aneroid :  Its   Various   Forms,  its   Theory  and   its   Use,  with  Special 

Reference  to  the  Determination  of  Altitudes, 321 

Blindness  and  the  Blind.     (Fox), 9 

Boiling  Point  of  Ozone,  Determination  of  the.     (Olszewski), 396 

Book  Notices  : 

Chronicle  Fire  Tables  for  1S89 158 

Curve  Pictures  of  London  for  the  Social  Reformer.     (MacDowall),   .    .    .  159 

Garden  of  Eden.     (WoodhuU), 495 

Hints  on  House  Building.     (Grimshaw), 494 

Manual   of   Construction   for   Engineers,   Draughtsman  and    Mechanics. 

(Richards),      399 

Steam-Engine  Design.     (Whitham), 400 

Thermodynamics  of  the  Steam-Engine  and  other    Heat-Engines.     (Pea- 
body) 398 

Treatise  on  Steara-Boilers.     (Wilson),    ....            494 

Bridging  the  English  Channel, 392 

Bullock,  Chas.     Preparation  and  Properties  of  Metallic  Manganese 62 

Cable  Telegraphy.     (Delany), 33 

Cadmium,    Electrolytic    Separation   of,   from    Zinc   and    Copper.      (Smith   and 

Frankel), 140,  154 

Canaigre.     (Trimble), 235 

Canal  Routes  across  the  American  Isthmus  (Ammen) 409 


iv  •     INDEX. 

Carhart,  H.  S.     Review  of  Theories  of  Electrical  Action 37^ 

Cellulose  and  Wood,  Behavior  of,  under  High   Pressures  and   Temperatures,  in 

the  Presence  of  Water 394 

Cements  and  Cement  Mortars,  Permeability  of.     (Hyde  and  Smith) 199 

Chenoweth's  Electric  Conduits.     Report  of  the  Committee  on  Science  and    the 

Arts 230 

Cheyney,  William  A.     Constant   Focus  and   Depth   of  Focus  in   Photographic  ,_ 

Lenses, 35^ 

Circuits,  Divided,  Graphic  Construction  for  Determining  the  Electrical  Resist- 
ance of, 157 

Combes,  Edward.     Value  of  Technical  Training  and  the   Teaching  of  Drawing 

and  Handwork  in  Public  Schools,  with  an  Account  of  the  Author, 209 

Compound   Engine,  Philosophy  of;  Its  Theory  and  its  Limitations.     (Thurston),  463 

Compressed  Liquids,  Dilatation  of.     (Amagat) 193 

Compressibility  of  Oxygen,  Hydrogen,   Nitrogen  and   Air  up  to   3,000   Atmos- 
pheres.    (Amagat), 196 

Compressibility  and  Dilatation  of  Water.     (Amagat), 477 

Conduits,  Electric,  Chenoweth's.     Report  of  the  Committee  on  Science  and  the 

Arts 230 

Cooper,  John  H.     On  the  Longitudinal  Riveted  Joints  of  Steam  Boiler  Shells,    .  131 

Copper,  Electrolytic  Separation  of  Cadmium  from.  (Smith  and  Frankel),  .  .  .  I40 
Correspondence  : 

J.  B.     Graphic   Construction  for  Determining  the  Electrical    Resistance 

of  Divided  Circuits 157 

Cotton   Fibre,  The.      (Pray) 241 

Cusps  of  the  Gear-Tooth  Curve.     (Grant), 208 

I>ead,  Sanitary  Disposition  of  the.     (Harvey), 362 

L>'Auria,  L.     Harbor  Bar  Improvements, 224 

Uelany  Line  Adjuster.     (Delany) 57 

Delany,  Patrick  H.     Cable  Telegraphy 33 

Density,  Maximum,  of  Water,  Displacement  of  by  Pressure.      (Amagat),     .    .    .  477 

Dilatation  and  Compressibility  of  Water.     (Amagat) 477 

Dilatation  of  Compressed  Liquids,  Particularly  Water.     (Amagat) 193 

Dow,  Josiah.     Difficulties  in  the  Operation  of  Pumps  as  met  by  the  "  Positive 

Piston  Pump," 161 

Drawing  and  Technical  Training  in  Public  Schools,  Value  of.  (Combes),  .  .  .  209 
Dynamo,  Westinghouse,  Law  of  the  Variation  of  the   E.  M.  F.  of  a.     (Searing 

and   Hoffmann) 93 

Eikonogen 492 

Electric  Conduits,  Report  of  Committee  on  Science  and  the  Arts.    (Chenoweth's),  230 

Electrical  Action,  Review  of  Theories  of.     (Carhart) 376 

Electrical  Resistance  of  Divided  Circuits,  Graphic  Construction  for, 157 

Electrolytic  Separation  of  Cadmium  from  Zinc.   (Smith  and  Frankel) 154 

Electro-Motive   Force   of    a    Westinghouse    Dynamo,    Law     of    Variation     of. 

(Searing  and   Hoffman), 93 

Elkinton,  Thomas.     Heating  and  Ventilation  of  Public  Buildings, 107 

English  Channel,  Bridging  the, 392 

Ethylene,  Freezing  Point  of.  Determination  of  the.     (Olszewski), 396 


INDEX.  V 

Focus  in  Photographic  Lenses.     (Cheyney), 356 

Fox,  L.  Webster.     Blindness  and  the  Blind 9 

Frankel,  Lee  K.  and  Edgar  F.  Smith.     Electrolytic  Separations, 140 

The  Electrolytic  Separation  of  Cadmium 

from  Zinc 154 

Franklin  Institute: 

Chemical  Section  Proceedings,  June  to  November,  1S89,     .  61,  311,391,483 
Committee  on  Science  and  the  Arts.     Reports  : 

Chenoweth's. Electric  Conduits, 230 

Koyl's  Parabolic  Semaphore, 81 

MacCoy's  Pneumatic  Tool, i 

Teal's  Portable  Hoist, 302 

The  Substitution  of  Gelatine  in  Place  of  Collodion  in  Photography, 

as  invented  by  Dr.  Maddox 233 

White's  Adjustable  Extension  Movement  in  Ball-and-Socket  Joints,  89 

Gifts  to  the  Library 75,237,313,402 

Lectures  for  the  Season  of  18S9-90, 307 

Proceedings  of  the  Stated  Meetings,  June  to  Nov.,  1SS9,  .    79,  319,  407,  496 

Freezing  Point  of  Ethylene,  Determination  of  the.     (Olszewski) 396 

Gases,  Compressibility  of.     (Amagat) 196 

Gear-Tooth  Curve.     The  Cusps  of  the.     (Grant) 20S 

Gelatine,    Substitution   of,   for   Collodion   in    Photography,   Maddox's    Process. 

Report  ot  the  i-cience  and  Arts  Committee, 233 

Gieseler,  E.  A.     The  Aneroid  Barometer,      ...            321 

Grant,  Geo.    B.     The  Cusps  of  the  Gear-Tooth  Curve 20S 

Greene,  Wm.  H.     On  Aceto-Metanitrobenzoic  Anhydride 64 

(  Olszewski.)    Boiling  Point  of  Ozone  and  Freezing  Point   of 

Ethylene.     {^A'oles  and  Comnnnts),       396 

and  S.  C.  Hooker.     Constitution  of  Lapachic   Acid   and  its 

Derivatives, 142 

Grimshaw,  Robert.     Sketch  of  Sir  Edward  Combes, 209 

Uail-storm  at  Philadelphia,  October,  18S9.     (Houston), 360 

Harbor  Bar  Improvements.     (D'Auria), 224 

Harbor  Bar  Improvements.     (^Haupt), 23,  294 

Harvey,  C.  A.     The  Sanitary  Disposition  of  the  Dead 362 

Haupt,  Lewis  M.     Bridging  the  English  Channel.     (A«/«  and  Comments),  .    .  392 
See  Hyde,  G.  W.,  and  W.  J.  Smith. 

Municipal  Engineering.     A  Study  of  Street  Pavements,  .    .    .  440 

Heating  and  Ventilation  of  Public  Buildings.     (Elkinton), 107 

Heliochromy,  Captain  Abney  on.     (Ives), 339 

Hoffman,  Samuel  V.,  and  Lewis  Searing.     Electro-motive  Force  of  a  Westing- 
house  Dynamo, 93 

Hoist,  Teal's  Portable.     Report  of  the  Committee  on  Science  and  the  Arts,     .    .  302 
Hooker,   Samuel    C.      Condition   of   the    Philadelphia    Water    Supply.     Third 

Monthly  Report.     (May-June), 66 

and  Wm.  H.  Greene.      Constitution  of  Lapachic   Acid 

and  its  I'erivalives 142 


vi  INDEX. 

Houston,  Edwin  J.     The  Hailstorm  at  Philadelphia,  October  I,  1S89,      ....  360 
Hyde,  G.  W.,  and  W.  J.  Smith.     Experiments   on  the  Permeability  of  CemenU 

and  Cement  Mortars '99 

Hydrogen,  Compressibility  of.     (Amagat.) 196 

Isher\vood,  B.  F.     Experiments  on  the  Efficiency  of  Pumps .  276 

{Amagat.)     Compressibility  of  Oxygen,  Hydrogen,  Nitrogen 

and  Air 196 

(Amagat.)     Dilatation  of  Compressed  Liquids, 196 

(^Amagat.)     Dilatation  and  Compressibility  of  Water  and  the 

Displacement  of  its  Maximum  Density  by  Pressure,  ....  477 

{Gossarl.)     Researches  on  the  Spheroidal  State  of  Water,    .  480 

Ives,  F.  E.   Captain  Abney  on  Heliochromy 339 

Joint,  Ball-and-Socket,  White's.     Report  of  the  Committee  on  Science  and  the 

Arts 89 

Juvenet,  J.ules.     Ramie, 371 

Keller,  Harry  F.     Analysis  of  Megabasite,  from  Colorado, 153 

On  Kobellite  from  Ouray,  Col.,  and  the  Chemical  Composition 

of  this  Species 148 

Koyl,  C.  Herschel.     Supplementary  Remarks  on  the  Parabolic  Semaphore,      .    .  84 
Koyl's  Parabolic  Semaphore.     Report  of  the  Committee  on  Science  and  the  Arts, 

with  Remarks  by  the  Inventor, 81 

Kraus,  Gregor.     On  the  Physiology  of  Tannin, 396 

Kukuanaland,  The  Army  of.     (Michaelis) 258 

Lapachic  Acid  and  its  Derivatives.     (Paterno), 139 

Lapachic  Acid,  Constitution  of.     (  Hooker  and  Greene), 142' 

Lea,  M.  Carey.     Allotropic  Forms  of  Silver, 73 

Lenses,  Photographic,  Constant  Focus  and  Depth  of  Focus  in.     (Cheyney),    .    .  356 

Lindenberger,  C.  H.     A  New  Graphical  Method  of  Obtaining  Pier  Moments,     .  341 

Line  Adjuster,  The  Delany.     (Delany) 57 

Liquids,  Compressed,  Dilatation  of,  particularly  Water.     (Amagat) 193 

MacCoy's  Pneumatic  Tool.       Report  of  the  Committee  ou  Science  and  the  Arts,  I 
Maddox's  Gelatino-Bromide  Process  in  Photography.     Report  of  the  Committee  on 

Science  and  the  Arts 233 

Manganese,  Metallic,  Preparation  and  Properties  of.      (Bullock), 62 

Manual  Training  in  Public  Schools,  Value  of.     (Combes), 209 

Mechanical  Progress,  The  Past  and  Present  Contrasted.     (Price), 297 

Meg.ib.isite,  from  Colorado,  Analysis  of.     (Keller) 153 

Metal-Rolling  Machine,  Simonds,  Products  of  the.     (Wiegand),    . 160 

Metanitrobenzoic  (Aceto)  Anhydride.       (Greene) 64 

Michaelis,  Otho  Ernest.     The  Army  of  Kukuanaland 258 

Moments,  Pier,  Graphical  Method  of  Obtaining.     (Lindenberger), 341 

Monochlordinitrophenol,  and   Bases  of   the  Aromatic   Series,    Derivatives   from. 

(^m'lli), 156 

Mortars,  Cement,  Permeability  of  Cement  and.     (Hyde  and  Smith), 199 

Multi  Cylinder  or  Compound    Engine,   Philosophy  of  the;    Its   Theory  and  its 

Limitations.     (Thurston), 463 


INDEX.  vu 

Municipal  Engineering.     A  Study  of  Street  Pavements.     (Haupt), 44° 

Nitrogen,  Compressibility  of.     (Amagat) 19^ 

Olszewski,  K.     Determination  of  the  Boiling  Point   of  Ozone  and  the   Freezing 

Point  of  Ethylene,       39^ 

Oxygen,  Compressibility  of.    (Amagat), 19^ 

Ozone,  Boiling  Point  of,  Determination  of  the.    (Olszewski), 396 

Paraphenylendiamin, 494 

Paterno,  E.     On  Lapachic  Acid  and  its  Derivatives, 139 

Pavements,  Street,  A   Study  of     (Haupt) 44o 

Pennsylvania  State  Weather  fiervice,  Monthly  Weather  Reviews,  May  to  October, 

1889.     Siippleme?its,]u\ylo  December,  18S9. 

Permeability  of  Cements  and  Cement  Mortars.     (Hyde  and  Smith), 199 

Petroleum  Fields,  Baku,  Information  as  to  the  Failure  of  the, 395 

Philadelphia   Water  Supply,   Condition  of.     Third  Report.     (May-June,   1889). 

(Hooker),   .    .• 66 

Photographic  Developers,  New, 492 

Photographic  Lenses,  Constant  Focus  and  Depth  of  Focus  in.     (Cheyney),    .    .  356 
Photography,   Maddox's   Substitution    of  Gelatine  for   Collodion   in.     Report  of 

Committee  on  Science  and  the  Arts, 233 

Physiology   of   Tannin.     (Kraus), 396 

Pier  Moments,  Graphical  Method  of  Obtaining.     1  Lindenberger) 341 

Pneumatic  Tool,  MacCoy's.     Report  of  the  Committee  on  Science  and  the  Arts,  I 

Potash,  Caustic,  Vanadium  in.     (Smith), 490 

Pray,  Thomas,  Jr.     The  Cotton  Fibre, 241 

Price,  Geo.  B.     Mechanical  Progress — the  Past  and  Present  Contrasted,  ....  297 
Pumps,  Difficulties  in  the  Operation  of,  as  met  by  the  "  Positive  Piston  Pump." 

(Dow) 161 

Experiments  on  the  Efficiency  of.     (Isherwood), 276 

Pyrocatechine, 493 

/-Oxybenzoic  Acid,  Action  of  Gas  from  ASjO,  and  HXO3  upon.     (Smith),     .    .  488 

Kamie.     (Juvenet), 371 

Rogers,   A.  J.     Experimental   Researches  in   the    Reduction   of  the    difficultly- 
reducible  Metals, 486 

Rolling  Machine,  Simonds,  Products  of  the.     (Wiegand), 160 

Roscoe,  Henry.     Aluminium 174 

Sadtler,  S.  P.     Failure  of  the  Baku  Petroleum  Deposit  |  Notes  and  Comments),  395 
Wood  and    Cellulose    under  high  Pressures  and  Temperatures. 

[Notes  and  Comments) 394 

Sanitar)' Disposition  of  the  Dead.     (Han-ey) 362 

Searing,  Lewis,  and  Samuel  V.  Hoffman  Experimental  Determination  of  the 
Law  of  Variation  of  the  Electro-Motive  Force  in  the  Armature  of  a  Westing- 
house  Dynamo 93 

Semaphore,  Parabolic,  Koyl's.     Report  of  the  Committee  on  Science  and   the 

Arts,  with  Remarks  by  the  Inventor, 81 

Silver,  AUotropic  Forms  of.     (Lea) 73 


%-iii  INDEX. 

Simonds  Metal-Rolling  Machine,  Products  of  the.     (Wiegand), i6o 

Smith,  Edgar  F.     Action  of  the   Gas  from   AS3O3    and    HNO,   upon  /-Oxy- 

benzoic  Acid 4^8 

Derivatives  obtained  from  Monochlordinitrophenol  and  Bases 

of  the  Aromatic  Series, 156 

Vanadium  in  Caustic  Potash, 49° 

and  Lee  K.  Frankel.     Electrolytic  Separations 140 

The  Electrolytic  Separation  of  Cadmium 

from  Zinc, !54 

Smith,  W.  J.,  and  G.  W.  Hyde.     Permeability  of  Cements  and  Cement  Mortars,  196 

Sodium,  by  Electrolysis  of  Common  Salt.     (Rogers) 486 

Spheroidal  State  of  Water,  Researches  on  the.     (Gossart^ 480 

Steam-boiler  Shells,  Longitudinal   Riveted  Joints  of.     (Cooper), 131 

Street  Pavements,  A   Study  of.     (Ilaupt), 440 

Sulphocyanides,  Metallic,  Electrolytic  Action  Upon.     (Smith  and  Frankel),     .    .  141 

Tannin,' Physiology  of.     (Kraus),        • 39^ 

Tanning  Material — Canaigre.     (Trimble), 235 

Teal's  Portable  Hoist.     Report  of  the  Committee  on  Science  and  the  Arts  on,  .    .  302 

Technical  Training,  Value-of  in  Public  Schools.     (Combes) 209 

Telegraphy,  Cable.     (Delany) 33 

Thurston,  Robert  H.     Philosophy  of  the  Multi-Cylinder,  or  Compound  Engine; 

Its  Theory  and  its  Limitations, 4^3 

Triu.ble,  Henry.     Canaigre, 235 

{Kraus).     Physiology  of  Tannin.     [A'otes  and  Comments),  .  396 

Vanadium  in  Caustic  Potash.     (Smith), 490 

Ventilation  and  Healing  of  Public  Buildings.     (Elkinton), 107 

Water,  Compressed,  Dilatation  of.     (Amagat), 193 

Water,  Dilatation  and  Compressibility  of,  etc.    (Amagat) 477 

Water,  Maximum  Density  of,  Displacement -of  the.      (Amagat), 477 

Water,  Spheroidal  State  of,  Researches  on.     (Gossart) 480 

Water  Supply  of  Philadelphia,  Condition  of.    Third  Report.    (May-June,  1889.) 

(Hooker),    . 66 

Weather   Reviewrs  Monthly    (Pennsylvania   State    Weather    Service).     May  to 

October,  1889.     Supplements,  July  to  December,  1889. 
Westinghouse   Dynamo,  Law  of  the  Variation  of  the   E.  AL  F.  of  a.     (Searing 

and  Hoffmann), 93 

White's  Ball-and-Socket  Joint.     Report  of  the  Committee  on  Science  and  the 

Arts, 89 

Wiegand,  S.  L.     Products  of  the  Simonds  Rolling  Machine,       160 

Wood  and   Cellulose,  Behavior  of,  under  High  Pressures  and  Temperatures,  in 

the  Presence  of  Water, 394 

Zinc,  Electrolytic  Separation  of  Cadmium  from.     (Smith  and  Frankel) 154 


JOURNAL 


OF  THE 


Franklin  Institute 

OF  THE  STATE  OF  PENNSYLVANIA. 

FOR  THE  PROMOTION  OF  THE    MECHANIC  ARTS. 


Vol.  CXXVIII.   .  JULY.  1889.  No.  i. 

The  Franklin  Institute  is  not  responsible  for  the 
statements  and  opinions  advanced  by  contributors  to  the 
Journal. 

maccoy's  pneumatic  tool. 


[Report  of  the  Committee  on   Science  and  tlie  Arts^ 


[No.  1478.]  Hall  of  the  Franklin  Institute, 

Philadelphia,  May  28,  1889. 
The  Sub-Committee  of  the  Committee  on  Science  and  the 
Arts,  constituted  by  the  Franklin  Institute  of  the  State 
of  Pennsylvania,  to  whom  was  referred,  for  examination, 

MacCoy's  Pneumatic  Tool. 

Report  that :  This  invention  consists  in  an  automatic 
hammer  reciprocated  in  a  cylinder  by  compressed  air  or  by 
steam,  and  delivering  a  rapid  succession  of  blows  upon  a 
tool-holder,  into  which  are  inserted  suitable  bits  or  chisels 
for  cutting  wood,  metal  or  stone ;  and  embraces  in  its  details 
valves  for  admitting  and  exhausting  the  air,  a  provision  for 
relieving  the  cylinder  and  piston  from  injurious  friction  and 
for  cushioning  the  piston  and  holding  the  bit-socket  in  posL- 
Whole  No.  Vol.  CXXVIII.— (Third  Series,  Vol.  xcviii.)  i 


2  Cominittec :  [J.  F.  I., 

tion  to  facilitate  its  easy  and  steady  application  to  the  work. 
As  exhibited  to  the  committee,  it  was  working  at  a  very 
high  speed,  from  the  pitch  of  the  sound  probably  more  than 
five  thousand  strokes  per  minute.     {Figs,  i-y.) 

The  instrument,  as  complete  and  connected  ready  for 
action,  appears  in  the  form  of  a  short  cylinder,  having  a 
flexible  tube  centrally  connected  to  one  end,  through  which 
compressed  air  or  steam  is  supplied  at  a  pressure  of  about 
forty  poimds  per  square  inch,  and  centrally  at  the  other  end, 
a  gtiide  or  sleeve,  in  which  the  tool-holder  reciprocates ;  into 
the  socket  of  the  tool-holder  the  cutting  bits,  chisels  or 
hammers  are  inserted. 

Upon  disengaging  a  latch  by  pressing  a  button,  the  ends 
of  the  cylindrical  case  can  be  unscrewed,  and  inside  of  the 
shell  or  cover  is  found  a  working  cylinder,  with  grooves  on 
its  outer  surface  and  passages  leading  from  the  flexible  tube 
at  the  centre  of  the  upper  cylinder  head  to  one  slotted 
chamber  in  the  oiitside  of  the  working  cylinder  and  terminat- 
ing in  inlet  ports  leading  into  the  interior  of  the  working 
cylinder. 

Another  slotted  chamber  in  the  external  surface  of  the 
working  cylinder  leads  from  reduction  ports  through  the 
cylinder  and  terminates  in  a  channel  leading  to  the  atmos- 
phere through  the  head  of  the  cylinder. 

The  piston  is  made  long  and  fits  fluid-tight,  but  with  a 
minimum,  of  friction  in  the  cylinder. 

In  the  piston,  but  working  transversely  through  it,  is  a 
piston  valve  which  is  worked  by  the  pressure  of  air  admitted 
through  the  port  in  the  side  of  the  cylinder  and  exhausted 
through  other  ports  in  the  same  manner  as  the  piston  valves 
of  some  steam  pumps,  the  proper  ports  in  the  cylinder 
being  covered  and  uncovered  by  the  motion  of  the  piston. 
The  valve  consists  of  a  cylindrical  plug  having  two  grooves 
formed  therein  with  a  collar  between  them,  and  fits  in  a 
cylindrical  transverse  seat  in  the  piston  and  covers  and 
uncovers,  at  proper  intervals,  admission  and  exhaust  ports 
leading  to  the  ends  of  the  working  cylinder. 

The  piston  is  not  attached  or  connected  to  the  tool- 
holder,  but  strikes  upon  it  as  a  ram  or  hammer;  a  spiral 
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spring  placed  around  the  tool-holder,  and  resting  with  one 
end  on  a  shoulder  in  the  guide,  and  with  the  other  end  on 
a  shoulder  in  the  tool-holder,  serves  to  retract  the  tool- 
holder;  the  upper  end  of  the  tool-holder  has  an  expanded' 
head,  fitting  loosely  in  the  head  of  the  working  cylinder 
and  receives  the  blows  or  strokes  of  the  piston. 

As  the  piston  rises  and  falls  in  the  cylinder  it  closes  the 
por^s  and  incloses  a  portion  of  the  air  between  it  and  the 
ends  of  the  cylinder,  and  thus  forms  an  elastic  cushion  and 
relieves  the  operator  of  the  shock  of  reversing  the  inotion 
of  the  piston. 

The  piston  is  surrounded  constantly  by  a  film  of  air 
under  pressure,  and  whilst  not  leaking  appreciably,  seems 
to  sustain  little  or  no  wear,  notwithstanding  the  rapid 
inotion. 

The  effect  of  the  rapid  and  short  strokes  on  cutting  tools 
upon  stone,  wood  and  metal,  is  to  produce  a  smoother  sur- 
face than  has  heretofore  been  practicable  with  chisels,  and 
with  a  celerity  unapproached  by  other  means.  It  has  a 
capacity  to  reach  into  angles  inaccessible  to  rotative  tools. 

It  has  been  applied  successfully  to  the  caulking  of  steam 
boilers,  the  chasing  of  silverware,  repousse  work,  stone 
dressing  and  sculpture. 

The  discovery  of  a  new,  rapid  and  cheap  method  of 
cutting  and  forming  stone  and  metal,  and  the  perfection  of 
an  apparatus  to  successfully  apply  it  in  the  arts  is,  in  this 
case,  the  real  invention. 

The  invention  is  the  subject  of  letters-patent  of  the 
United  States,  No.  373,746,  November  22,  1887,  granted 
James  S.  MacCoy  for  the  new  method,  and  United  States 
letters-patent,  No.  205,619,  dated  July  2,  1878,  granted 
vSamuel  W.  Dennis  for  a  motor  for  dental  pluggers,  and 
United  States  letters-patent,  Nos.  323,053  and  326,312, 
respectively,  dated  July  28,  1885,  and  September  15,  1885, 
granted  to  James  S.  MacCoy  for  his  pneumatic  tool. 

As  applied  to  caulking  and  chasing,  and  forming  sheet 
metal,  it  surpasses  in  both  ease  and  rapidity  of  work  and 
perfection  of  finish  all  other  implements;  and  as  a  practi- 
cally useful  machine,  with  a  wide  range  of  applicability  in 
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the  arts,  it  commends  itself  as  deserving  of  the  highest 
recognition  as  a  valuable  improvement. 

Having  in  view  the  high  claim  which  this  invention  has 
by  its  demonstrated  iitility,  your  committee  deem  it  expe- 
dient for  a  clear  understanding  of  the  invention,  that  the 
prior  state  of  art  under  which  it  is  introduced  should  be 
examined  and  reported  upon. 

In  investigating  into  this  part  of  the  subject,  your  com- 
mittee have  made  an  examination  of  the  entire  classes  of 
inventions  known  as  rock  drills,  pneumatic  drills,  steam 
hammers  and  pneumatic  pluggers,  as  exemplified  in  the 
drawings  of  the  United  States  letters-patent  from  the 
earliest  to  the  present  time,  and  have  made  selections  of 
such  as  throw  light  upon  the  subject,  which  they  submit  in 
chronological  order,  in  an  appendix  to  this  report. 

In  them  they  find  isolated  parts  of  the  invention,  but  do 
not  find  the  combination  which  pi"oduces  the  perfected 
result  demonstrated  by  Mr.  MacCoy's  invention. 

First  of  these  is  James  Nasmyth's  steam  hammer, 
patented  April  i,  1843,  No.  3,042.  This,  whilst  showing  a 
cushion  below  the  piston  and  a  spiral  spring  above  it,  shows 
the  ram  with  a  long  and  slow  stroke  permanently  attached 
to  the  piston  rod,  and  in  this  respect  differs  radically  from 
MacCoy's  device  {Figs.  8-10). 

Bannister  and  Green's  United  States  patent.  No.  71,950, 
dated  December  10,  1867,  shows  a  double-acting  piston, 
operated  by  compressed  air  and  directly  attached  to  a  plug- 
ging tool-holder  for  compacting  the  gold  foil  in  plugging 
teeth.  In  this  device  the  plugging  tool  must  move  the 
entire  length  of  the  piston  stroke  (Figs.  ii-i.f\ 

In  both  of  the  devices  above  noticed,  the  valve  for  con- 
trolling exhaust  and  inlet  of  the  propelling  fluid  is  a  sepa- 
rate piece  from  the  piston  and  receives  motion  therefrom 
only  at  intervals  by  a  connecting  mechanism. 

In  David  Joy's  United  States  patent.  No.  80,550,  dated 
August  4,  1868,  for  steam  hammers,  the  admission  and  ex- 
haust valves  and  passages  are  formed  in  the  hollow  piston  rod, 
which  rod  is  permanently  attached  to  the  ram  {Figs,  ij,  16). 

E.  A.  Hyde's  United  States  patent  No.  91,349,  dated  June 
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29,  1869,  tor  dental  pluggers,  shows  a  piston  titted  to  recipro- 
cate in  a  cylinder,  in  one  end  of  which  is  fitted  and  held 
elastically  a  gTiided  tool-holder  and  which  the  piston  and 
connected  ram  strike,  the  reciprocating  motion  of  the  piston 
being  produced  by  the  rapid  reciprocation  of  an  air 
syringe  or  valveless  single-acting  pump,  which,  through  a 
flexible  tube  alternately  forces  air  into  and  withdraws  it 
from  the  same  cylinder,  apertures  being  made  in  the  cyl- 
inder below  the  ram  to  permit  outside  air  to  enter  on  the  re- 
turn stroke.  In  this  device  the  speed  is  limited  by  the  slow 
action  of  the  air  column  in  the  elastic  tube  ''Figs,  ij,  18). 

Geo.  F.  Green's  United  States  patent.  No.  88,290,  dated 
March  30,  1869,  shows  the  Bannister  and  Green  device 
of  1867,  improved  by  the  severance  of  the  tool-holder  from 
the  ram  and  the  addition  of  a  valve  operated  by  the  piston  of 
the  ram  to  work  the  double  piston  valve  controlling  the  ad- 
mission and  exhaust  of  air  to  the  ram  cylinder  {Figs,  ig,  20). 

Wm.  Hanson's  United  States  patent,  No.  152,391,  dated 
June  23,  1874,  shows  a  loose  piston  or  ram  worked  by  fluid 
pressure  admitted  above  and  below  it  in  a  cylinder  having 
a  tool-holder  at  its  lower  end.  There  is  no  returning  spring, 
and  no  valve  or  valve-working  mechanism  {Figs.  21,  22). 

Geo.  W.  Nichols'  United  States  patent,  No.  1 58,863,  Janu- 
ary 19,  1875,  shows  a  cylinder  containing  a  heavy  piston  or 
ram  operated  by  air  forced  into  each  end  alternately  by  a 
pair  of  bellows,  connected  to  the  cylinder  by  flexible  tubes 
and  worked  by  a  tilting  treadle.  In  this  device  the  tool- 
holder  is  formed  in  the  end  of  the  ram  cvlinder  itself  and 
the  entire  cylinder,  as  well  as  the  tool,  partakes  of  the  per- 
cussive action  of  the  ram  ;  the  action  of  this  device  was 
therefore  slow  {Fig.  2j,  2^). 

Geo.  H.  Reynolds'  United  vStates  patent,  No.  162,419, 
dated  April  20,  1875,  for  a  rock  drill,  shows  a  long  piston 
working  in  a  cylinder  and  operating  an  attached  drill-holder ; 
the  piston  in  this  device  acts  as  a  valve  alternately  to  cover 
and  uncover  ports  leading  to  the  cylinder,  and  controlling 
the  admission  and  exhaust.  This  in  its  functions  resembles 
the  valvular  structure  contained  in  MacCoy's  cylinder,  but 
is,  from  its  construction,  of  slow  and  heavy  operation,  the 
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tool-holder,  being  attached  to  the  piston,  and  therefore 
incapable  of  as  accurate  guidance,  or  as  quick  reciprocation. 
It  is  here  referred  to  only  as  an  illustration  of  the  valve- 
operating  device  {Figs.  2-;,  26). 

S.  W.  Dennis'  United  States  patent.  No.  195,102,  dated 
September  ii,  1877,  has  a  cylinder  provided  with  grooves 
and  ports,  like  MacCoy's,  but  instead  of  a  cylindrical  piston 
valve,  a  rectangular  sliding  valve  in  the  piston  {Figs.  2y-jjj\ 

In  I.  M.  Stebbins"  United  States  patent,  No.  203,667, 
dated  May  14,  1878,  the  invention  described  in  Hyde's 
United  States  patent.  No.  91,849  of  i86g,  already  referred  to, 
reappears  with  a  mere  change  of  proportion  of  parts  {Fig.jS  . 

Moreau  and  Dennis'  United  States  patent,  No.  205,289, 
dated  June  25, 1878,  shows  the  same  invention  substantially  as 
Dennis'  patent.  No.  195^,102  of  1,877,  already  referred  to,  with 
two  sliding  valves  in  the  piston,  and  corresponding  grooves 
and  ports  in  the  working  cylinder  {Figs.  jp-^p\ 

S.  W.  Dennis'  United  States  patent.  No.  205,619,  dated 
July  2,  1878,  shows  the  same  device  substantially  as  his 
earlier  patent.  No.  195,102  of  1877,  with  the  substitution  of 
a  cylindrical  piston  valve,  like  MacCoy's,  for  the  rectangular 
sliding  valve  {Figs.  jO-60). 

Wm.  H.  Dibbles'  patent.  No.  211,652,  dated  January  28, 
1879,  shows  a  cylinder  similar  to  Hyde's  1869  patent,  with 
the  exception  that  the  holes  beneath  the  piston  are  closed, 
and  the  piston  is  reciprocated  by  alternately  exhausting  and 
admitting  air  above  it  {Figs.  61-64). 

W.  Richman's  United  States  patent.  No.  213,134,  dated 
March  11,  1879,  for  a  dental  plugger,  shows  the  piston  .or 
ram  working  in  a  cylinder,  with  a  valve  and  valve-seat,  like 
Dennis'  United  States  patent.  No.  205,619,  dated  July  2,  1878, 
but  placed  lengthwise  in  the  axial  line  of  the  piston  {Fig.  6j). 

Beach  and  Arnold's  United  States  patent,  No.  245,433, 
dated  August  9,  1881,  shows  a  steam  mining  drill,  in  which 
a  double-acting  ram  or  piston  operates  a  tool-holder, 
retracted  by  a  helical  spring,  but  without  any  provision  for 
cushioning  a  recoil  {Figs.  66,  6/). 

The  patent  of  Samuel  W.  Dennis,  No.  205,619,  dated 
July  2,   1878,  essentially  anticipates    that  of   MacCov,    and 
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possesses  most  of  its  features  and  capabilities,  but  had  for 
its  object  to  provide  a  motor  or  instrument  for  dental  use 
only,  while  the  invention  of  MacCoy  consists  in  so  perfect- 
ing the  details,  and  proportioning  the  parts  as  to  render 
possible  the  use  of  the  tool  in  various  arts  and  for  numerous 
purposes  already  mentioned,  which  had  not  been  dreamed 
of  bv  previous  patentees.  The  novelty  does  not  lie  in  the 
mechanical  functions  of  the  tool,  but  in  the  perfection  of 
its  details  and  proportions,  and  particularly  worthy  of 
recognition  is  his  bold  conception  of  its  possible  applica- 
tions, and  the  persistent  efforts  by  which  these  applications 
have  been  successfully  made. 

The  real  nature  of  MacCoy's  invention  is  well  expressed 
in  the  following  quotations  from  his  patent  No.  373,476, 
November  22,  1887  : 

"  After  the  purchase  of,  and  three  years'  costly  experi- 
ments with,  other  patents  most  like  the  foregoing,  to- 
gether with  my  own  inventing,  I  finally  attained  success 
mainly  by  securing  an  unprecedentedly  high  rate  of  speed 
(estimated  as  high  as  15,000  strokes  per  minute)  which 
could  not  be  made  by  former  machines  and  which  t:n- 
expectedly  permits  the  use  of  thinner-edged  tools 
than  could  be  used  heretofore.  These  ends  have  been 
secured  mainly  by  so  changing  the  proportions  and  adjust- 
ments of  the  valve  and  parts  as  to  give  the  striker  a  very 
short  and  an  exceedingly  rapid  stroke  and  by  making  the 
striker  and  its  metallic  cylinder  with  an  appreciable  differ- 
ence in  their  diameters,  thus  forming  an  air  chamber 
around  the  striker,  whereby  an  enormously  rapid  practically 
continous  action  is  attained. 

"  No  one  has  ever  before  planed  marble  or  metal 
with  a  stroke  machine  so  far  as  I  can  learn.  The 
successive  strokes  of  the  bit  or  tool  are  so  very  rapid  that 
there  is  not  time  between  them  for  the  tool  to  rebound  or 
quit  contact  with  the  material ;  and  furthermore  when  each 
stroke  does  work,  and  thereby  imparts  mechanical  energy, 
the  tendency  or  ability  to  rebound  has  departed  from  the 
tool  with  that  energy,  and  the  tool  thus  makes  a  practically 
continous  progressive  movement  and  planes  the  material,  a 


8  Committee.  f  J.  F.  I., 

result  not  accomplished  by  any  machine  heretofore  patented 
or  constructed." 

The  invention  is  expressed  tersely  and  aptly  in  the 
•claim : 

"The  method  of  making  a  smooth  surface  on  stone, 
metal  or  other  hard  substance  by  means  of  a  reciprocating 
stroke  machine,  whose  action  is  so  rapid  as  to  be  practically 
continuous." 

In    conclusion,   your     committee    deem    the    invention 
deserving  the  award  of   the  John  Scott  Legacy  Premium 
and  Medal  and  respectfully  recommend  the  same. 
[Signed]  Luther  L.  Cheney, 

Chairman  Sitb-Coimnittee. 
C.  Chabot, 
N.  H.  Edgerton, 
John  Hall, 
Wm.  C.  Head, 
Eli  T.  Starr, 
Wm.  H.  Thorne, 

S.  Lloyd  Wiegand. 
Adopted,  June  5,  i88g. 

[Signed]  S.  Lloyd  Wiegand, 

Cltainnan  of  the  Com7nittee  on  Science  and  the  Arts. 
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Figs.  i-6.     James  MacCoy's  Pneumatic  Tool. 


Fig.  7.   James  MacCoy's  Repoussi;  Machine. 


Figs.  15,  16.     David  Joy  (No.  80,550),  1S68. 


Figs.  11-14.     Bannister  and  Green  (No.  71,950),  1867. 


Figs.  S,  9,  10.     James  Nasmyth  (B.  P.  No.  3,042),  1843 
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Fig.  17.     E.  A.  Hyde  (No.  91,849),  iSfg. 


Figs.  19,  20.     Geo.  F.  Green  (No.  S8,2goj,  1S60. 


Figs.  25,  26.     Geo.  H.  Reynolds  (No.  162,419),  18;;. 
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Figs.  21,  22.     Wm.  Manson  (No.  152,391),  1874. 
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Figs.  27-37.     S.  W.  Dennis  (No.  195,102),  1877.  Fig.  38.     I.  M.  Stebbins  (No.  203,667),  1S78. 


Figs.  23,  24.     G.  W.  Nichols  (No.  158,863),  187^. 
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Figs.  39-49.     Moreau  and  Dennis  (No.  205,289),  1878. 


Figs.  61-64.     W.  H.  Dibbles 
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Figs.  50-60.     S.  W.  Dennis  (No.  205,619),  187S. 


Fig.  65.     W.  Richman  (No.  213,134),  1879. 


■'IGS.  61-64.     W.  H.  Dibbles  (No.  211,652),  i,S79. 


Figs.  66,  67.     Beach  and  Arnold  (No.  245,433),  18S1. 
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BLINDNESS   and   the   BLIND. 


I5y  L.  Webster  Fox,  M.I). 


[.•/   Iicttire  delivered  before  the  Franklin  Institute,  February  2§,  iSSg?^ 

( Concluded  from   vol.  cx.xvii,  page  437.) 

The  second  condition  of  defective  vision  and  that  which 
Americans  should  be  careful  to  guard  against,  and  yet 
are  almost  criminal  in  neglecting,  is  myopia,  or  near-sighted- 
ness. Civilization  seems  to  be  responsible  for  this  increasing 
malady.  Let  any  number  of  savages  be  tested  for  distant 
vision  and  mark  the  result — perfect  vision.  Transfer  3'our 
examinations  among  the  highest  class  of  intelligence,  or  the 
book-worms  and  note  the  change — near-sightedness.  Sift 
the  statistics  of  Cohn,  Risley  and  Darby.  They  tell  us  that 
myopia  is  rapidy  on  the  increase  among  schoolchildren. 
This  means  that  as  generation  follows  generation  visual 
defects  will  also  multiply.  When  Dr.  Cohn,  of  Breslau, 
examined  the  eyes  of  10,000  children,  1,000  were  near- 
sighted. He  found  also,  what  was  more  important,  that 
the  number  increased,  as  he  ascended  the  schools  from  the 
primary  to  the  higher  classes.  Bad  light,  badly  constructed 
desks,  both  agencies  being  alike  in  causing  children  to 
stoop  over  their  work.  Then  again,  ten  hours  a  day  is 
•  much  too  long  for  a  growing  boy  or  girl  to  be  harnessed  to 
such  close  work.  A  director  in  one  of  the  public  schools 
recently  brought  his  daughter  to  me  to  be  examined  for 
defective  vision.  I  found  that  the  child  had  so  manj- 
lessons  to  write  and  commit  to  memory  that  she  had  two 
sets  of  books,  one  set  remaining  at  home,  the  second  set  at 
school.  The  aggregate  number  of  books  were  so  many 
that  she  was  unable  to  carry  them.  When  school  directors 
permit  such  a  state  of  affairs,  nature  must  succumb  under 
the  strain.  Extreme  cases  of  near-sightedness  are  always 
in  danger  of  becoming  blind  by  excessive  eye  strain;  the 
inner  coats  of  the  eye  separating  and  floating  about  in  the 
vitreous  fluids.  Parents  and  teachers  have  a  great  respon- 
sibility resting  upon  them.  They  should  see  that  children 
have  proper  glasses  and  should  never  allow  them  to  assume 
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cramped  positions,  as  stooping  forward  fills  the  blood 
vessels,  and  long  continuance  of  this  brings  about  changes 
which  are  hurtful  to  vision.  Reading  by  moonlight,  or 
defective  artificial  light,  or  in  railway  cars,  is  also  a  great 
source  of  evil.  The  pleasure  a  near-sighted  person  first  experi- 
ences when  using  the  proper  glasses,  is  beyond  description. 
I  remember  an  instance  of  a  general,  who,  during  our  late 
civil  war,  acquired  a  reputation  for  bravery  in  the  field  of- 
battle  far  beyond  what  he  deserved,  as  he  expressed  it  years 
afterwards  when  he  had  his  near-sightedness  corrected  by 
glasses.  He  found  that  his  bravery  was  due  to  defective 
vision,  not  being  able  to  see  danger.  Myopia  was  the 
making  of  his  reputation,  although  many  lives  were  lost, 
for  no  doubt  he  frequently  led  his  men  into  danger,  where, 
had  he  had  good  vision,  he  would  never  have  ventured. 

Having  now  explained  the  condition  of  visual  defects 
brought  about  by  either  too  short  or  too  long  measure- 
ments of  the  eyeball,  I  must  dwell  briefly  on  that  condi- 
tion of  the  eye  where  but  one  meridian  is  affected.  It 
seems  that  this  affection  is  more  pronounced  in  the  Ameri- 
can type  than  in  other  nationalities.  Not  that  it  does  not 
exist  abroad,  but  our  oculists  probably  are  keener  in  its 
detection.  I  mean  astigmatism.  This  defect  may  be  far- 
sightedness or  near-sightedness,  or  a  combination  of  both. 
It  comes  from  an  eye  whose  focusing  power  is  less  in  one  ^ 
meridian  than  in  the  other,  or  the  curvature  of  the  cornea  is 
different  in  the  two  meridians.  It  is  probably  the  source  of 
more  headaches  than  all  the  other  visual  defects  combined. 
In  looking  at  a  card  upon  which  radiating  lines  diverge 
from  a  point,  its  first  and  most  obvious  effect  is  to  produce 
differences.  Some  may  be  perfectly  clear  and  those  at  right 
angles  blurred.  In  reading  or  drawing,  one  suffering  with 
such  a  defect  soon  exhausts  his  vision. 

Dr.  R.  B.  Carter  relates  an  anecdote  of  a  gentleman 
suffering  from  astigmatism,  or  from  what  the  patient 
described  as,  "periodical  obscuration  of  vision."  Dr.  Carter 
found  that  the  gentleman  sat  in  an  office  which  commanded 
a  view  of  a  large  clock  dial  on  the  other  side  of  a  quad- 
rangle.    When  the  hands  of  the  clock  were  appro.ximately 
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vertical,  he  would  see  them  plainly,  but  when  they  were 
approximately  horizontal  he  could  scarcely  see  them  at  all. 
The  patient  naturally  thought  he  was  a  "curious  physiologi- 
cal phenomenon."  Glasses  corrected  the  defect.  Many 
students  of  Hebrew  labor  under  this  gentleman's  mistake, 
the  Hebrew  characters  being  more  pronounced  in  their 
horizontal  lines.  A  clergyman  once  came  under  my  notice 
who  could  not  see  lines  running  in  a  horizontal  meridian. 
He  was  obliged  to  give  up  the  study  of  Hebrew  while  a 
student  at  college.  I  have  often  been  struck  by  the  thought 
that  probably  the  astigmatic  eye  might  be  held  responsible 
for  the  peculiar  formation  of  the  letters  of  the  different 
alphabets.  If  we  examine  the  Hebrew  type  we  find  the 
horizontal  lines  much  broader,  while  the  German  type  is 
broader  in  the  vertical.  The  Roman  and  Greek  alphabets 
must  have  been  invented  by  individualg  with  almost 
perfect  vision,  for  these  letters  are  the  same  in  their 
different   meridians. 

^  Policemen  and  candidates  for  the  fire  department  are 
subjected  to  a  thorough  physical  examination  at  the  hands 
of  police  surgeon  Dr.  T.  H.  Andi'ews.  It  falls  to  my 
province  to  examine  them  for  defective  vision  and  color- 
blindness. The  examination  of  at  least  one  thousand  men 
show  the  defects  of  vision  and  lack  of  color  sense  to  be 
exceedingly  high.  It  is  with  pride  that  I  can  record  the 
unwritten  liistorv  of  the  good  and  efficient  work  done  in 
this  matter  by  our  city  officials.  Men  who  readily  pass  an 
examination  by  daylight,  might  still  have  a  defect  which 
would  render  them  incapable  of  doing  duty  at  night.  I 
may  mention  the  case  of  one  man,  who  held  an  appointment 
of  trust,  whose  vision  was. good  for  his  daily  duties,  but  as 
soon  as  the  twilight  came  on  was  so  blind  that  he  became 
helpless.  This  disease  extended  to  sixteen  members  of  his 
family,  the  result  of  a  consanguineous  marriage.  How 
could  such  a  man  detect  a  burglar  or  the  beginning  of  a  fire 
in  which  hundreds  of  thousands  of  dollars  might  be  lost? 
We  now  know  the  importance  of  having  our  "guardians  qf 
the  night"  equipped  with  perfect  vision.  This  defect  of 
night   blindness,   or  nyctalopia,  shows   itself  in   two  ways, 
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first  by  dimness  of  vision  at  night,  and  second  by  contrac- 
tion of  the  field  of  vision,  i.  e.,  an  object  which  could  be 
seen  in  the  normal  eye  at  the  extreme  right  or  left,  the  eye 
looking  forward,  would  have  to  be  brought  to  the  front, 
approaching  the  middle  line.  A  patient  once  graphically 
expressed  the  condition  by  saying  that  her  eyes  seemed  to 
be  gradually  growing  smaller. 

Cataract  is  less  clearly  understood  by  the  laity  than 
almost  any  of  the  common  affections  of  the  eye.  One 
invariably  hears  it  described  by  individuals  as  a  skin  cover- 
ing the  sight.  As  the  human  being  advances  in  years,  we 
find  the  tissues  contain  less  fluid,  that  the  finger-nails, 
cartilages  and  bones  become  more  mineralized,  and  so  with 
the  crystalline  lens  of  the  eye;  it  also  takes  upon  itself  a 
change.  This  change  assumes  a  hardening  and  a  conse- 
quent loss  of  transparency.  As  the  lens  is  placed  directly 
over  the  visual  line,  sufficient  light  cannot  pass  through  the 
pupil,  and  the  result  is  blindness.  A  certain  amount  is 
able  to  pass  through  an  opaque  lens.  The  light  from  a 
candle  may  be  readily  distinguished.  When  this  is  not  so 
we  find  that  the  other  parts  of  the  eye  have  lost  their  func- 
tions, and  in  such  a  case  it  would  be  useless  to  remove  a 
cataract.  The  oncoming  of  age  is  not  always  responsible 
for  the  development  of  cataract.  Some  are  congenital, 
others  the  result  of  the  abuse  of  health,  and  again  trauma- 
tism enters  largely  into  their  development.  Men  who  are 
engaged  in  furnaces,  watching  the  molten  metal  and  not 
protecting  their  vision  with  proper  glasses,  are  extremely 
liable  to  early  cataract.  As  to  the  exact  cause  of  senile 
cataract  we  are  still  in  doubt.  Why  one  man  at  forty 
should  have  a  thoroughly  ripe  cataract,  and  another  man  at 
seventy  should  escape,  pathology  leaves  us  in  doubt.  The 
predisposition  to  cataract  before  the  age  of  forty  is  small, 
after  this  period  relatively  common.  The  habits  of  a 
people  have  much  to  do  with  its  development.  In  countries 
where  much  cheap  wine  is  drank  cataracts  are  common. 
Professor  Mooren,  of  Diisseldorf,  once  said  to  me  that  we, 
in  the  United  States,  would  never  have  a  large  number  of 
cataracts  until  our  people  drank  more  wine.     Opium   smok- 
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ing  is  said  to  produce  cataracts.  It  is  a  well-known  fact 
that  cataracts  are  common  amon  \  the  Turks.  Statistics 
fail  to  give  us  any  information  in  regard  to  the  Mongolians. 
Children  are  born  with  them,  but  fortunately  nature  takes  a 
little  compassion  on  her  iinfortunates,  and  instead  of  caus- 
ing the  whole  lens  to  become  opaque,  the  nucleus  is  the 
part  affected.  When  dilating  an  iris  which  covers  such  a 
lens,  a  certain  amount  of  vision  is  gained,  but  the  peripheral 
part  of  the  retina  is  only  stimulated  and  vision  is  very 
imperfect.  In  such  cases  we  have  a  constant  rolling  of  the 
eyeballs,  as  if  the  person  were  constantly  trying  to  get 
better  vision.  I  have  at  present  under  my  care  a  young 
woman  who  had  this  congenital  defect.  A  needle  opera- 
tion was  performed,  the  cataract  was  totally  absorbed,  but, 
contrary  to  my  expectations,  she  still  uses  the  peripheral 
part  of  her  retina  to  see  objects,  the  macula,  or  that  part  of 
the  normal  eye  which  is  the  sensitive  part,  being  disre- 
garded. Five  years  ago,  at  the  Germantown  Hospital,  I  had 
brought  to  my  attention  a  case  of  congenital  cataract,  in  a 
colored  woman  about  sixty  years  of  age.  This  woman  had 
been  blind  from  birth.  She  was  able  to  see  light  but  not 
form.  After  the  successful  removal  of  a  cataract  from  one 
eye  and  the  bandages  were  removed,  for  the  first  time  in  her 
life  she  looked  upon  the  earth.  She  was  quite  nervous,  and 
was  afraid  to  walk.  She  was  not  able  to  measure  distance, 
and  would  reach  after  objects  a  long  way  off.  After  assur- 
ing her  that  she  could  walk,  she  was  led  to  the  window  to 
look  upon  the  trees  and  the  outer  world.  A  flock  of  spar- 
rows excited  herverj'  much,  and  when  told  that  they  were 
birds  would  not  believe  it.  In  walking  she  had  no  concep- 
tion of  distance,  and  would  walk  against  objects  in  her  way. 
Bright  colors  pleased  her.  When  she  wished  to  know  the 
name  of  anything,  she  closed  her  eyes  and  felt  the  object 
with  her  hands.  She  was  then  able  to  tell  what  it  was. 
About  a  year  afterwards  I  removed  the  second  cataract, 
which  was  also  successful,  and  to-day  she  is  still  in  the  hos- 
pital as  an  employe,  and  is  able  to  perform  her  duties  as  a 
general  servant.  It  is  not  my  purpose  to  enter  into  a 
detailed  account  of  the  various  operations  devised  for  the 
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removal  of  an  opaque  crystalline  lens.  That  would  be  a  sub- 
ject which  would  probably  interest  medical  students  or  mem- 
bers of  the  profession  only.  History  has  noted  the  fact  that 
the  ancient  Egyptians  recognized  this  form  of  blindness 
and  performed  an  operation.  Celsus  described  and  prac- 
ticed the  needle  operation,  which  operation  was  the  only 
one  performed  for  nearly  1,700  years.  Daviel,  a  French 
surgeon,  devised  the  corneal  incision  about  the  beginning 
of  the  eighteenth  centur}',  although  it  seems  probable  that 
the  Arabians  were  acquainted  with  this  inethod  long  before. 
As  ophthalmic  science  advanced,  various  forms  of  opera- 
tions were  suggested  and  carried  out.  Fashions,  in  opera- 
tions, run  in  grooves,  just  as  we  see  it  on  the  fashion  plates. 
A  particularly  dexterous  surgeon  will  find  that  he  is  suc- 
■  cessful  in  one  kind  of  operation.  He  may  have  a  large  fol- 
lowing of  students,  these  students  will  imitate  their  teacher, 
and  so  it  is  that  certain  operations  are  introduced  and 
become  popular.  To-day  the  ophthalmic  surgeon  has  again 
attempted  the  operation  without  removing  a  part  of  the 
iris.  This  operation  will  in  time  be  superseded  by  another, 
as  time  rolls  on.  Since  the  discovery  of  cocaine,  much 
dread  of  the  removal  of  cataracts  has  been  taken  away. 
This  drug,  which  was  discovered  partly  by  accident,  has 
been  one  of  the  best  adjuncts  to  ophthalmic  science. 

The  eye  is  an  index  to  health.  Note  the  change  upon 
that  man  or  woman  who  has  lost  much  sleep  either  by  press 
of  work,  disease,  or  mental  worriment.  There  you  will 
always  see  the  opaqtie,  glassy  eye,  lacking  expression, 
showing  more  than  in  any  other  way  that  nature  is 
exhausted.  To  the  trained  and  observing  physician  the 
eye  is  an  index  to  the  seriousness  of  a  malady  more  potent 
than  the  pulse  or  respiration.  Since  the  introduction  of 
the  ophthalmoscope  many  diseases  of  the  ner^^ous  system, 
of  the  circulation,  and  brain,  are  detected  in  their  incipiency. 
By  the  examination  of  the  background  of  an  eye,  at  times 
with  an  equal  degree  of  certainty  the  expert  can  prognosti- 
cate the  lease  of  life.  Watch  the  change  in  that  individual 
who  seeks  early  repose,  takes  plenty  of  out-door  exercise,  is 
guarded    in    his    diet,  spurns   alcohol,   tobacco,   and    other 
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stimulants.  Let  the  face  be  ever  so  inattractive  that  eye, 
with  its  marvellous  clearness,  will  attract  our  attention. 
Who  has  ever  seen  an  intelligent  man  or  woman  with  an 
eye  that  did  not  reflect  the  polish  of  the  brain.  Take  the 
wretch,  hardened  to  all  the  finer  feelings  which  might  once 
have  existed  in  his  organization,  long  steeped  in  crime  and 
infamy.  Note  the  difference.  When  such  dull  eyes  of 
intensely  passionate  natures  are  looked  at,  you  see  the 
"eyes  of  born  devils  in  human  shape."  The  man  whose 
brain  has  been  ravished  by  disease  and  has  become  insane 
has  the  wild  weird  look  that  only  a  Poe  could  describe. 
There  are  some  individuals,  when  under  excitement,  whose 
eyes  reflect  the  activity  of  their  brain  like  a  "flash  of  light 
on  a  rockv  coast."  It  is  said  that,  the  eyes  of  Gladstone, 
when  in  the  midst  of  a  grand  oration,  will  assume  a  most 
unnatural  brilliancy,  light  will  almost  flash  from  them. 
Rossi  and  Irving  seem  to  have  stored  away  in  their  eyes 
electrodes,  which  emit  sparks  of  light  when  overcharged 
with  nervous  excitement. 

One  is  frequently  asked,  which  eye  is  the  stronger,  the 
gray  or  the  black?  You  might  ask  with  ati  equal  degree 
of  propriety,  which  class  of  individuals  are  the  longer 
lived,  the -blonde  or  the  brunette.  Color  does  not  seem  to 
enter  into  the  strength  of  the  eye.  Nature  in  her  wisdom 
had  to  guard  the  delicate  organization  of  the  eye  by 
throwing  around  it  a  coat  of  pigment  which  absorbed  an 
excess  of  light,  hence  it  is  that  the  race  of  people  living  in 
the  torrid  zone  are  dark-eyed  and  dark-skinned,  while  those 
living  in  the  temperate  zones,  or  where  the  rays  of  light  are 
not  so  intense,  have  less  pigment. 

As  I  stated  in  the  early  part  of  my  lecture,  it  is  the  abuse 
of  the  sense  of  sight  which  leads  to  weakness.  This  law 
holds  good  to  the  gray  or  black  eye.  In  speaking  of  the 
beauty  of  eyes,  a  recent  writer's  views  are  as  follows :  "The 
most  beautiful  eyes  in  the  world  are  the  clear  gray,  with 
large  pupils,  and  iris  which  changes  and  darkens  with 
feeling  as  from  the  shadow  of  a  cloud.  The  steadiness, 
brilliance  and  susceptibility  of  such  eyes  are  an  index  to 
the   rarest    intelligence,    quick   and    acute,    and    the    high 
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romantic  sentiments  in  which  some  characters  become 
passions.  Truth,  liberality,  loyalty,  are  the  vital  breath  of 
such  spirits,  but,  alas,  those  eyes  are  not  of  the  long-lived. 
Dust  is  over  them  before  we  can  say  we  have  known  them 
for  our  own." 

The  eye  as  an  index  to  character  has  been  described  by 
Paracelsus,  in  1616,  in  the  following  words:  "To  come  to 
the  practical  part  and  give  proper  signs,  with  some  of  their 
significations,  it  is  to  be  remarked  that  blackness  in  the 
eye  denotes  health,  a  firm  mind,  not  wavering  and  fearful, 
but  courageous,  true  and  honorable.  Gray  eyes  generally 
denote  deceit,  instability  and  indecision.  Short  sight 
denotes  an  able  projector,  crafty  and  intriguing  in  action. 
A  squinting  or  false  sight,  which  sees  on  both  sides,  or  over 
and  under,  certainly  denotes  a  deceitful  crafty  person, 
not  easily  deceived,  mistrustful,  and  not  always  to 
be  trusted ;  one  who  avoids  labor  when  he  can,  willingly 
indulges  in  idleness,  plays  usury  and  pilfering.  Small,  deep- 
sunken  eyes,  are  bold  in  opposition,  not  discouraged, 
intriguing  and  active  in  wickedness,  capable  of  suffering 
much.  Large  eyes  denotes  a  covetous,  greedy  man,  espe- 
cially .when  prominent.  Eyes  in  continual  motion  signify 
short  or  weak  sight,  fear  and  care.  The  winking  eye 
denotes  a  loving  disposition,  foresight,  quickness  in  pro- 
jecting. The  downcast  eye  shows  shame  and  modesty. 
Bright  eyes,  slow  of  motion,  speak  the  hero,  great  acts,  one 
who  is  daring  and  feared  by  his  enemies,  yet  cheerful 
and  sociable." 

The  best  preservative  to  eyesight  is  out-door  exercise. 
Watch  the  lustre  of  the  eyes  of  that  young  man  or  woman 
who  has  just  had  a  gallop  through  the  Park,  or  who  has 
had  an  hour  at  lawn  tennis.  A  cold  bath  every  morning 
stimulates  the  circulation,  and  with  an  active  bounding  of 
the  blood  through  the  arteries  assimilation  and  elimination 
brings  about  good  results.  Heated  rooms,  with  poor 
illumination,  is  a  very  prolific  source  of  weak  eyes.  Reading 
or  writing  with  the  light  falling  on  the  page  and  reflecting 
its  rays  into  the  eyes  often  brings  about  a  spasm  of  the 
little  muscles   which  govern   the    accommodation   and  the 
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result  is  to  exhaust  the  eyes.  The  light  should  always 
come  from  behind  the  individual  and  fall  obliquely  over  the 
left  shoulder.  People  who  indulge  in  over-feeding,  are 
careless  about  clothing,  travel  with  damp  feet,  or  dine 
irregularly,  all  suffer  sooner  or  later  from  defective  vision. 
A  habit  quite  common  among  fashionable  ladies,  to  whom 
nature  has  denied  a  black  or  brown  eye,  is  to  seek  the 
secrets  of  the  chemist's  shop  and  apply  a  weak  solution  of 
belladonna  or  homatropine  to  dilate  the  pupil  and  render 
the  cornea  more  brilliant.  Even  the  cologne  bottle  has 
been  drained  of  its  contents  to  give  brilliancy  to  the  eyes. 
Such  habits  are  only  to  be  spoken  of  to  be  condemned. 
Let  the  natural  lubricant  be  the  only  cosmetic  used.  See 
that  the  tears  are  kept  healthy  by  proper  means  and  nature 
will  then  do  her  duty.  Another  source  of  injury  to  the  eye- 
sight is  the  indiscriminate  use  of  glasses.  Scarcely  a 
day  passes  but  the  ophthalmic  surgeon  must  pass  judg- 
ment on  from  one  to  half-a-dozen  pair  of  glasses  which  are 
shown  him  by  his  patients  who  have  been  allured  to  the 
shops  of  the  enterprising  opticians  by  the  deceiving  adver- 
tisement, "  Eyes  examined  free,"  as  if  sight  could  be 
measured,  as  the  cloth  merchant  deals  with  his  goods — by 
the  yard.  The  druggist  who  dispenses  his  drugs  must  be  a 
qualified  man.  Is  it  less  important  that  the  man  who  deals 
with  the  most  important  sense  should  be  less  so?  As  the 
druggist  is  not  a  physician,  so  should  the  optician  not  pre- 
tend, by  his  practice,  to  be  an  oculist.  I  am  sure  that  the 
note-book  of  every  oculist  is  filled  with  cases  showing  where 
irreparable  injury  has  been  done  by  glasses  improperly 
adjusted.  I  remember  the  case  of  a  little  girl  who  for 
several  years  was  obliged  by  an  over-zealous  mother  to  wear 
glasses  which  were  given  her  by  an  itinerant  peddler  for 
near-sightedness,  when  upon  examination  the  child  was 
found  to  be  far-sighted.  Many  elderly  people  make  a  very 
grave  mistake  in  submitting  the  care  of  their  eyes  to  the 
same  class  of  individuals. 

When  glasses  must  be  changed  more  than  once  a  year 
and  the  wearer  is  more  than  fifty  years  of  age,  there  must 
be  something  wrong  with  the  functions  of  the  eye,  and 
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while  it  may  be  only  a  signal  of  danger,  yet  that  person 
should  seek  advice  through  the  proper  source.  If  ophthal- 
mology is  a  science,  then  the  making  and  prescribing  of 
glasses  are  as  different  as  the  mixing  and  prescribing  of 
drugs.  We  have  before  our  Legislature  a  bill  for  the 
higher  education  of  medical  students.  What  a  benefit 
would  be  conferred  upon  the  community  at  large  if  a  clause 
were  added  to  that  bill  making  it  a  misdemeanor  to  sell 
glasses  without  a  prescription.  The  adjustment  of  glasses 
is  a  science  as  much  dependent  upon  a  scientific  knowledge 
of  the  eye  as  the  prescribing  of  drugs  for  symptoms  which 
may  be  the  forerunner  of  a  serious  malady.  Within  the 
last  week  I  had  to  inform  a  young  woman  that  she  was 
hopelessly  blind  and  that  treatment  would  be  of  no  avail. 
She  had  an  affection  of  the  optic  nerve  which,  when  it  first 
made  its  appearance,  caused  dimness  of  vision.  Thinking 
that  a  pair  of  glasses  would  remedy  her  failing  sight,  she 
sought  aid  at  the  hands  of  an  optician  who  examined  eyes 
free.  She  bought  four  pairs  of  glasses  in  as  many  months, 
receiving  the  assurance  that  it  was  only  stronger  glasses 
that  she  required.  The  law  permits  such  wrongs,  but  the 
life  of"  that  young  woman  is  condemned  to  utter  darkness 
while  life  remains.  In  justice  to  some  of  our  leading  opti- 
cians I  must  say  that  they  are  exceedingly  careful  to  whom 
and  for  what  purpose  they  sell  their  wares.  They  may 
lose  the  sale  of  a  dozen  pairs  of  glasses,  but  what  is  that  to 
the  consciousness  of  knowing  that  thev  do  not  steal  away 
the  vision  of  individuals  who,  from  their  indigent  circum- 
stances, are  the  most  to  excite  our  sympathies.  The 
Americans  use  their  eyes  as  they  do  their  brains  and  bodies. 
They  condense  as  much  labor  into  two  score  years  as  they 
should  into  three  score  and  ten.  Watch  that  boy  going  to 
school  with  a  pack  of  books,  whose  weight  has  curved  his 
spine  before  he  has  arrived  at  his  fifteenth  mile-stone.  His 
eyes  at  this  period  of  his  life  are  overstrained,  the  result  is, 
glasses  must  be  brought  into  use  to  support  a  weakened 
condition  of  the  muscles  of  accommodation.  He  grows 
into  manhood  weakened  physically.  Many  men  and  women 
abuse  the  gifts  given  them  by  a  prudent  ancestiy,  by  read- 
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ing  through  a  forty  column  newspaper  on  a  jolting  railway- 
train,  or  in  a  poorly-lighted  street  car,  changing  the  focus- 
ing power  with  every  foot  of  ground  travelled.  Our 
American  journals,  not  content  with  giving  a  man  a  fair 
amount  of  reading  for  six  da3-s,  double  the  dose  on  Sundays. 
The  overworked  business  man  needs  as  much  rest  for  his 
eyes  and  brain,  as  the  overworked  laboring  man  for  his 
muscles.  The  latter  will  prudentl}'  observe  this  one  day. 
The  business  man  must  have  his  newspaper  which,  with  its 
thirty  pages  of  printed  matter,  must  be  read.  Thus  from 
Monday  morning  'till  Monday  following  his  eyes  and  brain 
are  kept  constantly  employed.  This  high  pressure  is  going 
to  show  its  effects  sooner  or  later.  Were  it  not  for  the  new 
blood  brought  into  our  country  by  the  peasants  of  Europe, 
which  prevents  our  race  from  degenerating,  I  would  not 
like  to  answer  the  question  as  to  what  would  become  of  us 
as  a  race  in  a  few  generations.  Education  must  be  given  to 
children,  the  fine  arts  cultivated,  business  must  go  on, 
but  let  us  halt  and  think.  We  owe  something  to  posterity. 
The  greatest  inheritance  a  child  can  have  is  a  good 
physique,  which  also  means  good  health.  The  care  of  the 
eyes  in  childhood  is  of  the  greatest  importance.  They  are 
more  sensitive  to  light  then  than  in  adult  life.  A  mother 
or  nurse  will  frequently  expose  the  eyes  of  an  infant  to  the 
glare  of  the  sun  for  hours  at  a  time.  One  can  surmise  the 
evil  which  will  be  the  outgrowth  of  such  carelessness.  The 
greater  number  of  the  blind  lose  their  sight  from  careless- 
ness during  infancy.  When  one  visits  a  blind  asylum 
and  sees  the  number  of  children  who  could  have  been 
saved  from  their  deplorable  condition,  one  grows  heartsick. 
Parents  must  remember  that,  as  the  child  advances  in  vears,. 
a  difference  may  exist  in  its  eyes.  As  the  child  is  father  to 
the  man,  so  do  oculists  know  that  the  eyes  in  childhood  are 
subject  to  as  much  variation  in  their  power  of  seeing  as  in 
adult  life.  The  eyeball  of  one  child  may  be  normal,  in 
another  either  too  short  or  too  long.  A  variation  from  the 
normal  means  eye  strain. 

It  has  been  found  that  near-sightedness  largely  exceeds 
far-sightedness  of  children  in  cities.     We  speak  against  the 
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early  instruction  of  children.  Seven  to  nine  years  of  age  is 
soon  enough  for  children  to  begin  their  studies.  By  this 
time  nature  has  acquired  a  certain  development  which  can 
resist  to  some  extent  the  amount  of  labor  put  iipon  an  eye. 
Children  should  have  good  light  during  their  study  hours, 
and  .should  not  be  allowed  to  study  much  by  artificial  light 
"before  the  age  of  ten.  Books  printed  in  small  type  should 
never  be  allowed  in  school-rooms,  much  less  be  read  by 
insufficient  light.  The  selection  of  occupation  for  children 
should  not  be  neglected.  Examination  for  color-blindness 
should  be  gone  into,  visual  defects  searched  out.  How 
very  unfortunate  it  would  be  for  a  boy  who  had  given  a 
certain  amount  of  his  student  life  to  the  study  of  an  occupa- 
tion which  he  could  not  follow.  A  boy  might  be  able  to 
see  the  time  on  the  steeple  of  a  tower  half  a  mile  away,  yet 
not  be  able  to  follow  a  line  in  drawing  for  five  minutes. 
An  out-of-doors  occupation  in  such  a  case  might  make  him  a 
successful  man,  while  he  would  fail  as  an  architect,  no 
matter  what  his  ability  as  an  artist  might  be. 

The  eyes  of  the  adult  may  sufifer  from  any  cause.  Over- 
work, with  insufficient  light,  is  a  prolific  cause  of  trouble. 
Dr.  Carter  tells  ns  that  natural  light  is  as  necessary  to  the 
eye  as  food  to  the  stomach.  At  one  time  it  was  the  fashion 
to  have  houses  made  as  gloomy  as  dark  paper  on  walls 
coiild  make  rooms.  Dark  blinds,  guarded  by  shutters 
painted  in  some  dark  color.  When  people  so  housed  come 
forth  into  the  natural  light  they  remind  one  of  a  squinting 
race.     All  of  this  was  a  prolific  source  of  eye  trouble. 

Writers  on  hygiene  have  the  satisfaction  of  knowing 
that  their  condemnation  is  prodiicing  different  effects  in 
home  decoration. 

To  those  who  are  familiar  with  Beethoven's  beautiful, 
and  world  famous  "  Moonlight  Sonata,"  it  must  be  a  pleasure 
to  know-  that  it  was  inspired  by  a  blind  girl.  The  story  is 
told  by  a  friend  of  his,  who  accompanied  him  one  evening 
on  a  walk  throiigh  a  narrow  street  in  Bonn.  While  they 
were  passing  the  door  of  a  cobbler's  shop,  Beethoven  sud- 
denly stopped,  and  as  his  ear  detected  the  sound  of  music 
said,  "Hark,  what  sound  is  that?     It  is  from  my  sonata  in 
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F.  How  well  it  is  played."  They  entered  the  room  and 
found  seated  at  the  piano  a  blind  girl,  her  brother  near  by 
repairing-  shoes.  "Pardon  me,"  said  Beethoven,  "but  I  heard 
music  and  was  tempted  to  enter.  I  am  a  musician.  I  over- 
heard something  of  what  you  said.  You  wish  to  hear  some 
good — that  is — shall  I  play  for  you  ?"  There  was  something 
so  odd  in  the  whole  affair,  and  something  so  comical  in  the 
manner  of  the  speaker,  that  the  spell  was  broken  in  a 
moment,  and  all  smiled  involuntarily.  "Thank  you,"  said 
the  shoemaker;  "but  our  piano  is  so  wretched,  and  we  have 
no  music."  "No  music,"  echoed  my  friend;  "how,  then 
does  the  young  lady — "  He  paused  and  colored,  for  as  he 
looked  in  the  girl's  eyes  he  saw  that  she  was  blind.  "  I,  I 
entreat  your  pardon,"  he  stammered;  "I  had  not  perceived 
before.  Then  you  play  by  ear?"  "Yes,"  said  the  girl;  "we 
lived  at  Bruhl  for  two  years,  and  while  there  I  used  to  hear 
a  lady  practicing  near  us.  During  the  summer  evenings 
the  windows  were  open,  and  I  walked  to  and  fro  outside  ta 
listen  to  her."  She  seemed  so  shy  that  Beethoven  said  no 
more  to  her,  but  seated  himself  quietly  at  the  piano  and 
began  to  play.  He  no  sooner  struck  the  first  chord  than  I 
knew  what  would  follow,  how  grand  he  would  be  that  night. 
And  I  was  not  mistaken.  Never  during  all  the  years  I  knew 
him  did  I  hear  him  play  as  he  played  to  that  blind  girl  and 
her  brother.  He  seemed  to  be  inspired;  and,  from  the 
instant  when  his  fingers  began  to  wander  along  ^^he  keys, 
t^ie  very  tone  of  the  instrument  seemed  to  grow  sweeter 
and  more  equal.  The  brother  and  sister  were  silent  with 
wonder  and  rapture.  The  former  laid  aside  his  work ;  the 
latter,  with  her  head  bent  slightly  forward,  and  her  hands 
pressed  lightly  over  her  breast,  crouched  down  near  the 
piano,  as  if  fearful  lest  the  beating  of  her  heart  should  break 
the  flow  of  those  magical,  sweet  sounds.  It  was  as  if  we 
were  all  bound  in  a  strange  dream,  and  only  feared  to  wake. 
Suddenly  the  flame  of  the  single  candle  wavered,  sank,  and 
went  out.  Beethoven  paused,  and  I  threw  open  the  shutters, 
admitting  a  flood  of  brilliant  moonlight.  The  room  was- 
almost  as  light  as  before,  the  moon's  rays  falling  straight 
upon   the   piano  and   player.     But   the  chain  of   his  ideas 
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seemed  to  have  been  broken  by  the  accident.  His  head 
dropped  upon  his  breast;  his  hands  rested  upon  his  knees; 
he  seemed  almost  absorbed  in  thought.  He  remained  thus 
for  sometime.  At  length  the  young  shoemaker  rose  and 
approached  him  eagerly,  yet  reverently.  "  Wonderftil  man," 
he  said  in  a  low  tone;  "who  and  what  are  you?"  "Listen," 
said  Beethoven,  and  he  then  played  the  opening  bars  of  the 
Sonata  in  F.  A  cry  of  delight  and  recognition  burst  from 
them  both,  and  they  exclaimed,  "Then  you  are  Beethoven!" 
They  covered  his  hands  with  tears  and  kisses.  He  rose  to 
go,  but  they  held  him  back  with  entreaties.  "  Play  to  us 
once  more,  only  once  more."  He  suffered  himself  to  be  led 
back  to  the  piano.  The  moon  shone  brightly  through  the 
window  and  lighted  up  the  glorious  rugged  head  and 
massive  figure.  "I  will  improvise  a  sonata  to  the  moon- 
light," he  said,  looking  up  thoughtfully  to  the  sky  and 
stars.  Then  his  hands  dropped  upon  the  keys  and  he 
began  playing  a  sad  and  infinitely  lovely  movement,  which 
crept  gently  over  the  instrument  like  the  calm  flow  of  moon- 
light over  the  dark  earth.  This  was  followed  by  a  wild, 
elfin  passage  in  triple  time — a  sort  of  grotesque  interlude, 
like  the  dance  of  spirits  upon  the  lawn.  Then  came  a 
swift  agitato  finale — a  breathless,  hurrying,  trembling  move- 
ment, descriptive  of  flight,  and  uncertainty,  and  vague 
impulsive  terror,  which  carried  us  away  on  its  rustling 
wings,  and  left  us  all  in  emotion  and  wonder.  "  Farewell  to 
you,"  said  Beethoven,  pushing  back  his  chair  and  ti:rning 
toward  the  door — "farewell  to  you." 
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HARBOR  BAR  IMPROVEMENTS. 


By  L.  M.  Haupt,  C.E. 


That  the  prosperity  of  a  nation  is  measured  largely*  by 
and  dependent  upon  its  commerce  is  proven  by  the  history 
of  the  maritime  countries  of  the  world.  Probably  the  most 
renowned  instance  on  record  is  to  be  found  in  the  astonish- 
ing growth  of  the  Venetians  in  wealth,  power  and  influence. 
Located  in  an  out-of-the-wav  corner  of  the  A'Ydriatic,  and 
surrounded  by  a  labyrinth  of  islands  and  lagoons,  Venice 
rapidly  expanded  from  her  straw-thatched  huts  to  her  marble 
palaces,  while  her  navy  defied  the  world  for  well-nigh  four- 
teen centuries. 

The  ocean  is  the  highway  of  nations,  and  her  gateways 
are  the  ports  which  indent  her  borders.  Where  these 
portals  are  spacious,  safe  and  unobstructed,  there  will  com- 
merce thrive,  and  the  greater  the  number  of  such  gateways, 
the  more  fully  will  both  internal  and  international  comity 
be  developed. 

The  Nicaragua  Canal,  like  her  oriental  sister  at  Suez,  will 
be  a  diadem  in  the  girdle  of  the  earth,  binding  the  East  and 
the  West,  the  North  and  the  South,  more  closely  together 
by  thousands  of  miles,  and  thus  hastening  the  tioe  when 
the  civilization  and  influence  of  the  great  Anoflo-American 
commercial  nations  shall  pervade  the  world. 

"  Peace  hath  her  victories  no  less  renowned  than  war," 
and  such  victories  as  these  are  most  potent  factors  in 
removing  the  casus  belli. 

It  is  a  well-known  fact,  however,  that  the  unceasing 
forces  of  nature,  the  winds,  waves,  tides,  and  ciirrents,  aided 
by  gravity,  have  bolted  these  gates  by  bars  which  have 
taxed  the  ingenuity  of  man  for  centuries  to  unloose ;  for 
man  and  his  works  are  finite,  but  the  sea  is  the  work  of  the 
Infinite,  and  His  forces  endure  throuofh  agfes.  If  the  barriers 
may  not  be  removed,  at  least  in  part,  or  a  pathway  be 
opened  through  them,  then  must  commerce  and  the  nations 
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languish.  Hence  the  momentous  importance  of  the  prob- 
lem and  the  justification  for  the  expenditure  of  millions  in 
the  attempt  to  solve  it. 

In  making-  this  attempt,  however,  it  would  seem  to  be 
necessary  that  judicious  regard  be  paid  to  the  lessons  of 
experience,  and  that  past  failures  should  not  be  repeated 
under  similar  conditions. 

The  old  world  is  full  of  instructive  precedents  as  to  the 
operation  of  the  various  systems  which  have  been  tested  for 
generations,  and  the  new  world  seems  bent  upon  repeating 
these  extravagant  experiments,  only  on  a  grander  scale. 

According  to  the  highest  official  authority  in  the  United 
States,  the  methods  available  for  the  treatment  of  these 
important  works  for  harbors  on  alluvial  coasts  are  but  two 
in  number,  namely,  "by  dredging  alone,  or  by  using  tidal 
scour  between  jetties,  aided,  if  necessary,  by  dredging.  As 
to  the  first  method,  it  has  already  been  tried  unsuccessfully." 
As  to  the  second,  the  same  authority  states:  "The  jetties 
should  be  so  placed  as  to  secure  the  greatest  tidal  scour 
practicable  without  seriously  injuring  the  interior  harbor, 
and  without  greatly  endangering  the  safety  of  the  jetties 
against  undermining,  or  of  Galvestown  Island  from  overflow 
in  great  storms.  The  greatest  scouring  effect  will  be 
obtained,  and  the  greatest  security  against  undermining,  by 
making  the  jetties  tight  and  by  raising  them  above  high 
water."* 

These  latter  conclusions  were  only  reached  after  a  score 
of  years  had  been  spent  in  experimentation,  at  a  cost  of 
^1.576,337.12,  and  the  result  to  date  has  been  no  increase  of 
depth  over  the  bar,  but  a  hastening  of  the  anticipated  evils, 
so  that  to-day  the  total  estimated  cost  of  this  single  project 
is  ^^8,478,000.  After  so  great  an  outlay  and  the  lapse  of  the 
years  required  to  complete  this  work,  what  result  may  be 
predicted?  The  authorities  say,  "Such  a  jettied  channel  offers 
more  resistance  to  inflow  than  does  the  present  entrance ; 
reduces  the  present  tidal  prism  about  one-third ;  allows  the 
bay  to  fill  more  slowly  than  the  present  entrance  does  and 

*£x.  Doc.  No.  85.  House  of  Representatives,  Forty-ninth  Congress,  First 
Session,     p.  13. 
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hence  gives  greater  differences  of  level,"  and  they  add  in 
closing  their  report,  "The  jetties  will  diminish  the  freedom 
of  inflow  at  Galveston."  In  short  they  will  violate  the 
fundamental  requirements  of  the  greatest  freedom  of  influx 
to  the  flood  tide  that  there  may  be  a  full  prism  for  the  ebb 
scour,  and  yet  with  these  admissions  before  them  the  people 
of  the  state  of  Texas,  trusting  to  this  forlorn  hope,  appeal 
urgently  for  the  rapid  completion  of  the  project. 

Is  this  the  dernier  ressort  of  the  profession  of  engineering 
in  this  nineteenth  century,  and  must  we  follow  blindly  the 
precedents  of  the  middle  ages,  modified  only  by  the  materials 
of  modem  times?  If  so,  there  are  few  places,  indeed,  of 
sufficient  importance  as  to  justify  the  great  expense 
required  for  annual  dredging  and  maintenance. 

The  difficulties  surrounding  these  questions,  as  seen  by 
the  Board  of  United  States  Engineers,  are  expressed  in  the 
following  extracts  from  a  report  on  one  of  the  Texas 
passes : 

"The  problem  of  the  improvement  of  the  navigation  of 
this  pass  is  by  no  means  an  easy  one.  Some  of  the  difficul- 
ties may  be  mentioned,  viz.,  the  want  of  stability  in  position 
of  the  pass  itself ;  *  *  *  the  instabilit}' of  the  foundation 
on  which  any  structure  is  to  be  built;  the  shifting  sand  of 
the  Texas  coast;  the  presence  in  the  water  in  which  any 
structure  must  be  placed  of  the  sea  worm  (teredo)  in  such 
activity  that  wood  cannot  be  used  except  to  a  very  limited 
and  exceptional  extent,  if  at  all ;  the  necessity  of  bringing 
stone,  cement,  etc.,  from  long  distances  and  at  much 
expense;  the  heat  and  other  discomforts  of  a  tropical 
climate  increasing  the  cost  of  labor."  In  suggesting  a 
method  of  procedure  the  Board  say,  "The  first  step  in  the 
improvement  is  to  adopt  some  means  of  checking  the 
recession  of  the  island  which  limits  the  pass  on  the  western 
side.  *  *  *  As  the  work  progresses  experience  will 
probably  suggest  variations  of  detail.  There  is  a  good 
prospect  of  success  in  deepening  the  channel  by  the  use  of 
two  jetties.  The  locations  for  them,  as  recommended,  are 
approved  subject  to  such  change  as  further  study  may 
show  to  be  expedient." 
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Notwithstanding  these  exceptional  difficulties  the  plan 
of  jetties  in  pairs,  founded  upon  brush  mattresses,  is  adopted, 
yet  the  report  bears  inherent  evidence  of  doubt  as  to 
method,  location,  material  and  results,  in  fact  the  day  after 
signing  it  one  of  the  most  experienced  officers  of  the  Board 
writes:  "I  Avish  it  to  be  understood  that  with  the  informa- 
tion now  before  me  I  believe  one  jetty  may  suffice  at  this 
locality."  *  *  *  "The  views  of  (the  officer  in  charge)*  on  the 
subject  of  the  form  in  plan  of  jetties  are  clearly  and  strongly 
put,  but  I  do  not  coincide  in  them  entirely,  either  in  general 
application  or  in  particular  at  this  locality." 

The  soundness  of  this  opinion,  which  woiild  reduce  the 
cost  of  the  work  about  one-half  and  increase  the  probability 
of  securing  deeper  water,  are  based  upon  a  few  physical 
characteristics  of  this  and  other  inlets.  They  are,  the 
general  direction  of  the  resultant  of  the  forces  acting  along 
this  coast,  which  produces  a  gradual  yet  constant  progres- 
sion of  the  inlets  to  the  south  and  west  at  the  rate  of  about 
200  feet  per  annum,  and  the  flexure  of  the  ebb  channel, 
where  it  crosses  the  bar,  in  the  same  direction.  These 
obstructions  are  not  delta  bars  formed  by  the  deposition  of 
sediment  from  the  interior  drainage  area,  but  are  drift  bars 
composed  of  beach  sand  rolled  along  by  the  waves  and 
littoral  currents,  as  affected  by  the  incoming  tides,  and 
checked  abreast  of  the  opening  through  the  outlying  sandy 
cordon.  The  ebb  currents  being  obstructed  by  the  deposit 
are  turned  to  the  southward  and  effect  their  escape  along 
the  line  of  least  resistance,  which  hugs  the  lee  shore  and 
has  a  direction  nearly  at  right  angles  to  that  of  the  flood 
component. 

Thus,  the  source  from  whence  comes  the  sand  forming 
the  bar  being  known,  the  remedy  would  seem  simple,  and 
the  first  requirement  would  be  to  keep  the  sand  out  of  the 
ebb  channel  by  a  suitable  obstruction,  which  would  not 
seriously  oppose  the  free  ingress  of  the  tide. 

The  barrier  must  be  placed  between  the  source  of  sup- 
ply and  the  channel.  What  must  be  thought  then  of  a 
policy  which  invariably  directs   the  construction  first  of  the 

*   The  writer  has  omitted  names  to  avoid  the  appearance  of  personalities. 
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jetty  on  the  farther  side,  where  its  effects  are  soon  mani- 
fested by  the  large  shoals  created  in  the  natural  path  of  the 
ebb  currents,  and  which  they  are  obliged  to  roll  on,  if  pos- 
sible, into  deeper  water,  thus  pushing  the  bar  seaward, 
adding  to  the  ultimate  cost,  increasing  the  undermining  of 
the  work,  and  finally  bur>dng  it  under  the  original  bottom? 
As  well  might  a  snow-fence  be  placed  on  the  wrong  side  of 
a  railroad  cut  to  prevent  it  from  filling  with  snow.  These 
results  are  not  idle  speculations,  but  oft-repeated  facts, 
proven  by  surveyors;  for  example,  in  a  report  on  the  jetty 
partially  built  upon  the  south  side  of  one  of  the  Texas  inlets, 
the  officer  in  charge  says  that  "  out  of  the  total  length  of 
5,253  feet  of  jetty  constructed,  about  775  feet,  built  upon 
shore,  and  constituting  a  root  to  the  jetty  rather  than  the 
jetty  itself,  has  been  well  maintained  ;  1,710  feet  has  dimin- 
ished in  height  from  forty-seven  to  eighty-five  per  cent.,  and 
the  remaining  2,768  feet  (over  half  a  mile)  has  practically 
disappeared.  The  trenches  which  have  been  formed  at  the 
sides  of  the  portion  of  the  work  which  remains,  constitute  a 
disadvantage  in  its  further  prosecution,  which  more  than 
counterbalances  the  advantage  of  utilizing  the  material  now 
in  place.  *  -s  s  jj-  ^yill  be  economy  to  abandon  the  pres- 
ent site  and  lay  out  a  new  line  parallel  with  the  present  one 
and  about  250  feet  M^est  of  it."  *  *  *  "  The  lightness  of 
the  structure  and  the  teredo  are  not  sufficient  to  account  for 
this.  (The  injury  to  the  site.)  Neither  of  thes'^  causes 
could  have  placed  the  mattresses  where  they  are  now  found, 
below  the  original  bottom  and  buried  in  the  sand."  *  *  * 
"It  is  possible,  but  not  certain,  that  the  work,  when  com- 
pleted, will  secure  a  depth  of  twelve  feet  over  the  bar." 
This  experience  cost  $290,000  up  to  July  i,  1886,  and  it  is 
estimated  that  the  completed  structures  will  foot  up  to 
$3,826,437.50. 

All  to  secure  a  channel  of  possibh'  twelve  feet  depth 
while  the  natural  depth  varies  from  seven  to  thirteen  feet. 
The  proposition  to  rebuild  250  feet  west  of  the  former  site 
would  merely  prove  to  be  a  repetition  of  the  above  experi- 
ence. 

At  another  of  these  inlets,  where  the  normal  depth  varies 
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from  seven  to  nine  and  one-half  feet,  and  where  $481,250 
have  been  expended  up  to  Juh^  i,  1888, it  is  stated  that  "the 
effect  of  the  work  upon  the  bar  has  been  insignificant." 
Here  a  jetty,  having  a  total  length  of  over  a  mile,  was  also 
built  upon  the  south  (the  wrong)  side  of  the  pass,  and  was 
found  to  have  settled  over  fifty  per  cent,  along  the  outer  half, 
while  the  northern  jetty  has  not  yet  been  begun  for  lack  of 
funds.  Had  the  jetty  been  built  originally  on  the  north  side, 
and  in  proper  form  and  position,  the  other  would  have  been 
useless,  and  a  marked  improvement  in  the  channel  would 
have  been  the  result. 

This,  is  shown  by  the  temporary  jetty  constructed  b}- 
private  parties  in  1869  at  this  pass  at  a  cost  of  only  $10,000. 
This  jetty  was  but  600  feet  long,  and  built  of  light,  perish- 
able materials,  yet  so  long  as  it  remained  it  increased  to  and 
maintained  the  depth  in  the  channel  at  twelve  feet,  and  as 
it  was  gradually  broken  iip  by  the  waves,  the  channel 
shoaled  to  its  former  condition. 

Although  this  precedent  was  known  to  and  reported 
upon  by  several  of  the  engineer  officers  of  this  district,  they 
failed  to  profit  by  the  experience  thus  furnished.  These 
works  were,  therefore,  started  wrong,  and  they  have  either 
wholly  or  partially  disappeared. 

Even  in  pursuance  of  the  jetty  system,  it  is  admitted 
that  "it  is  the  history  of  all  jetties  that  they  will  in  time 
require  extension.  No  plan  should  be  followed  which  does 
not  keep  in  view  future  extensions."  *  *  *  "  if  two  jet- 
ties are  to  be  built,  they  should  be  essentially  parallel  to  each 
other."  *  *  *  And,  again,  "Whatever  difference  of 
opinion  there  may  be  as  to  how  much  depth  will  be  secured 
by  a  single  jetty,  there  can  be  none,  I  think,  as  to  whether  a 
greater  depth  wall  not  be  obtained  by  two." 

Per  contra,  one  of  the  highest  English  authorities  in  a 
comprehensive  review  of  jetty  harbors  on  the  continent  says : 
"The  jetties  also,  in  most  cases,  were  extended  in  the  hope 
of  reaching  deep  water,  which  proved  fruitless,  owing  to  the 
progression  of  the  foreshore  with  each  extension  of  the  jetties. 
Next,  artificial  sluicing  basins  were  formed  to  provide  a 
larger   mass   of   water    for    sluicing,    with   the    additional 
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advantage  that  the  issuing  current  was  nearer  and  better 
directed  for  scouring  the  entrance.  Lastly,  dredging  with 
sand-pumps  is  being  largely  employed  for  deepening  the  chan- 
nel beyond  the  jetties.  The  parallel  system  has  not  proved 
successful  in  providing  a  deep  entrance  without  constant 
works.  *  *  *  Parallel  jetty  harbors  are  one  of  the  most 
difficult  class  of  harbors  to  design  and  maintain  success- 
fully. *  *  *  Sluicing  and  dredging  are  the  two  means 
by  which  the  entrance  to  these  ports  may  be  maintained 
and  improved.  They  are  both  needed,  as  they  possess 
distinct  functions."* 

Again,  the  President  of  the  Institution  of  Civil  Engineers, 
of  Ireland,  says:  "The  system  so  generally  adopted  in 
Continental  ports,  of  parallel,  or  nearly  parallel  jetties, 
extending  only  to  comparatively  shallow  depths,  appears  to 
be  radically  wrong  in  principle.  Their  tendency  generally 
is  to  act  as  groins,  and  make  the  sandy  shore  extend  out- 
ward until  the  sand  passes  around  the  pier-heads  where  the 
action  of  the  sea  heaps  it  up  in  the  form  of  a  bar." 

Whilst  there  are  a  few  instances  of  the  success  of 
parallel  jetties,  notably  at  the  mouths  of  the  Danube  and 
the  Mississippi,  it  will  be  observed  that  the  bars  at  these 
points  are  delta-bars,  that  there  is  little  or  no  tide,  with  no 
inner  bays,  and  that,  consequently,  the  ratio  of  tidal  prism 
to  fresh-water  discharge  is  very  small  and  by  far  the  larger 
volume  of  flow  is  seaward.  These  conditions  do  not  obtain 
where  there  are  large  interior  bays  or  lagoons  which  must 
be  filled  at  every  tide  to  maintain  the  scour  over  the  bar, 
and  where  every  structure  placed  on  the  bar  becomes  more 
or  less  of  an  obstruction  to -the  influx  of  the  tide. 

For  this  reason  the  dike  proposed  a  few  years  since  for 
the  improvement  of  the  entrance  to  New  York  Bay,  and 
reaching  from  Coney  Island  in  a  south-southeast  direction 
for  about  five  miles  towards  Gedney's  Channel,  would,  if 
built,  have  proven  more  injurious  than  beneficial.  It  was 
estimated  to  cost  about  S5, 000,000. 

The  causes  for  the  degradation  of  this  most  important 
entrance   are   the   sands    travelling  northward   along    the 

*  Harbors  and  Docks.     By  Sir  Vernon  Harcourt.  Oxford,  1885. 
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Jersey  coast,  and  westward  along  the  Long  Island 
beach,  with  the  flood  tide.  Thus  the  comparative 
surveys  of  Fire  Island  Inlet*  show  a  westward  progression 
of  the  shore  line  amounting  to  two  miles  in  about  fifty 
years.  At  Rockaway  Inlet  there  is  a  similar  inovement, 
which  is  also  observable  at  Norton's  Point,  the  western 
extremity  of  Coney  Island,  but  not  to  so  great  an  extent, 
due  to  the  eroding  action  of  the  ebb  cross-currents  from  the 
upper  bay. 

On  the  other  hand  Sandy  Hook  has  increased  a  mile  and 
a  quarter  in  length  within  the  century,  and  the  sands  which 
are  unceasingly  transported  to  its  extremity  are  now 
distributed  by  the  ebb  currents  through  the  Main  Ship 
Channel  over  the  submerged  banks  surrounding  Gedney's 
Channel.  Under  these  conditions  dredging  can  furnish  but 
temporary  relief,  yet  it  may  prove  to  be  the  most  economical 
of  the  several  methods  available  at  this  particular  site.  To 
effect  a  radical  improvement  here  the  encroachments  of  the 
beach  sand  must  be  arrested.  Dikes  or  jetties  in  pairs,  at 
this  entrance,  would  be  the  worst  possible  expedient. 

The  commission  of  the  Waterstaat  of  Holland  say:  "It  is 
to  the  action  of  the  tides  mainly  that  the  maintenance  of 
the  depth  in  our  river  mouths  must  be  attributed.  The 
total  effect  depends  upon  the  velocity  and  volume;  both 
increase  with  the  tide-range,  that  is  with  the  difference 
between  high  and  low  water.  If  these  cannot  be  increased 
sufficiently  to  maintain  a  profile  adequate  to  the  needs  of 
commerce,  the  end  can  only  be  attained  by  dredging  or  by 
a  resort  to  artificial  canals." 

It  is  evident,  therefore,  that  .any  dikes  or  jetties  which 
would  limit  or  interrupt  the  tidal  oscillation  would  to  that 
extent  prove  injurious  to  the  channel,  and  the  greater  the 
tidal  range  the  more  serious  do  such  obstructions  become, 
yet  the  jetty  system  is  the  one  which  is  almost  universally 
resorted  to  as  the  only  panacea  for  insufficient  water  over 
the  bars. 

Some  idea  of  the  magnitude  of  the  works  now  in  progress 
in  this  country  may  be  obtained  by  a  review  of  the  expendi- 

*  See  Franklin  Institute  Journal  for  April,  1889. 


July,  1889.] 


Harbor  Bar  Improvcmotts. 


31 


tures  upon  a  few  of  our  Atlantic  and  Gulf  ports,  as  given  in 
the  accompanying  exhibit. 


Locality. 

Cost  to  July  i,  1888. 

Estimated  to  Complete. 

Aransas  Pass,  Tex  , 

Pass  Cavallo,  Tex., 

Galve-.lon.  Tex  .      .    .   1.    .    .    .    . 

Sabine  Pass,  Tex., 

Mobile.  Ala 

Pensac.ia.   Fla 

St   Augustine.  Fla,, , 

Jacksonville,  Fla.,       

Fern  -ndma.  Fla., 

Brunswick,  Ga., 

Savannah.  Ga.,            ... 
Chariest  >n,  S.  C. 

$481,250  OO 

290,000  00 

1,825,278  83 

548,750  00  appropriation. 
978  830  00               ■' 
215.00O  00 

732,000  00 
3  6.782  64 
92,463  27 

1,032,000   CO 

1,482,500  00 

$1,668,500 

3.826,4  J 7 

6.752.72» 
2,051,250 

276,»xx>  by  dredging. 
35.000 
1.467.S88 

576.500 
1. 592  ."3 

loO.OOO 

6,660,000 
1.525,000 

TnTALS, 1             $7,984,854    74 

i 

$;-6,52i,3i9 

These  works  have  been  in  progress  for  periods  of  from 
ten  to  twenty  years,  yet  none  of  them  are  completed.  At 
this  rate  of  making  appropriations  it  will  require  from 
thirty  to  sixty  years  to  complete  them,  and  there  can  be  no 
question  that  the  cost  is  greatly  augmented  by  the  scour 
induced  by  this  temporizing  method  of  doling  out  the 
funds. 

In  those  cases  where  only  one  jetty  has  been  started  and 
that  on  the  wrong  side,  no  beneficial  results  are  manifest. 
Where  two  have  been  built  to  high  water,  a  slight  but  tem- 
porary improvement  is  noticeable,  during  the  transition 
stage,  as  the  crest  of  the  bar  is  moving  seaward  and  ■  the 
groins  are  filling  preparatory  to  the  general  advance  of  the 
foreshore.  In  these  cases  the  main  benefit  is  due  to  the 
protection  afforded  the  ebb  channel  by  that  jettv  which 
intercepts  the  sand  movement.  In  the  most  prominent 
cases,  as  at  Galveston  and  Charleston,  there  have  been  no 
important  improvements  in  depth  over  the  outer  bars.  At 
Pensacola  and  Mobile  the  improvement  is  due  to  dredging 
and  is  not  permanent. 

Thus  far  attention  has  been  directed  to  the  physical 
conditions  surrounding  the  problem  and  space  will  not 
permit  an  expansion  into  the  legislative  or  executive  con- 
siderations. These  have  already  been  ably  presented  by 
experienced  and  competent  economists,  and  it  is  therefore 
not   a   matter   of   surprise    that    at   length    the    subject    is 
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beginning  to  attract  the  attention  of 'legislators  who  desire, 
in  behalf  of  their  constituents,  to  secure  results  more 
expeditiously  by  securing  some  changes  in  the  methods  of 
making  appropriations  and  administering  these  public 
works. 

To  this  end  the  Committee  on  Expenditures  in  the  War 
Department,  Mr.  Laffoon,  Chairman,  in  reporting  favorably 
a  bill  for  this  purpose,  say :  "  The  time  has  come  to  inaugurate 
a  definite  policy  in  regard  to  national  public  works,  and  to 
provide  a  specific  agency  for  its  execution.  The  sense  of 
the  people  and  of  Congress  has  shown  a  steady  growth  for 
twenty  years  in  favor  of  the  development  of  harbors  and 
water-ways.  During  this  time  grave  objections  have  been 
urged  against  legislative  and  administrative  methods,  and 
these  objections  have  gathered  force  with  each  passing 
year.  *  *  *  In  legislation,  it  is  charged  that  Congress  is  not 
appropriating  in  harmony  with  any  well-conceived  general 
plan  or  system ;  that  each  work  is  largely  considered  as  a 
detached  or  individual  work,  without  special  regard  to  any 
other  or  to  any  collection  or  group  of  works  as  a  whole; 
that  appropriations  are  uncertain  and  inadequate  for 
economical  results,  and  often  for  any  results  at  all ;  and 
that  the  largest  and  most  important  national  works  fail  to 
receive  that  attention  which  is  indispensable  if  they  are 
ever-  to  be  completed." 

"In  administration  various  objections  are  urged  which 
are  largely  incidental  to  the  necessary  methods  of  organiza- 
tion of  a  military  body,  and  that  are  not  adapted  to  a  strictly 
civil  work  and  function.  *  *  *  A  necessary,  and  the 
larger  part  of  the  technical  force,  is  without  proper  recogni- 
tion, tenure  of  position  or  hope  of  advancement,  resulting  in 
constant  change  in  personnel,  as  some  experience  is  acquired. 
The  military  system  does  not  readily  adapt  itself  to  the  best 
civil  practice,  nor  is  it  desirable  that  it  should  if  the  corps 
is  to  remain  a  part  of  the  army."  *  *  *  "The  truth  of 
these  allegations,  to  a  greater  or  less  degree,  is  acknowledged 
by  every  one.  They  can  be  indefinitely  multiplied  and 
expanded  and  have  been  ably  presented  to  your  committee. 
Great  good  would  come  by  changing  the  legislative  prac- 
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tice,  likewise  by  a  specific  adaptation  of  the  administrative 
org-anization  to  its  work." 

The  importance  of  such  changes  as  are  proposed  becomes 
the  more  apparent  when  it  is  seen  that  the  policy  of  present 
methods  leads  to  a  reduplication  of  the  unsatisfactorj'  Con- 
tinental experiences,  at  great  waste  of  time  and  expense, 
while  the  fundamental  requirements  of  admitting  the  flood 
tide  freely,  defending  the  ebb  channel  from  the  encroach- 
ments of  the  beach  sand,  conserving  the  ebb  discharge  for 
scour  over  the  bar  and  providing  an  ample  water-way  for 
navigation  are  very  imperfectly  fulfilled  by  the  jetty  system 
as  at  present  applied. 


CABLE   TELEGRAPHY. 


By  Patrick  Bernard  Delany. 


[^  lecture  delivered  before  the  Franklin  Institute.  Monday,  March  ir,  iSSg.l 

The  Lecturer  was  introduced  by  Prof.  Edwin  J.  Hous- 
ton, of  the  Institute,  and  spoke  as  follows : 

Mr.  President,  L.vdies  and  Gentlemen: 

When  the  Fr.xnklin  Institute  honored  me  with  an 
invitation  last  summer  to  read  a  paper  on  a  subject  of  my 
own  choosing,  I  accepted  on  condition  that  the  time  be  set 
a  good  way  off,  and  selected  "  Cable  Telegraphy "  as  my 
theme. 

We  are  all  apt  to  be  prodigal  of  promises  of  remote 
fulfilment,  but  as  the  day  of  reckoning  approaches,  we 
sometimes  pay  the  penalty  of  our  rashness  in  misgivings  of 
our  ability  to  make  our  promises  good.  When  I  made  the 
engagement  I  was  greatly  interested  in  an  invention  for 
cable  telegraphy  which  I  was  then  bringing  out,  and  which 
I  expected  would  lead  to  experimentation,  and  results  satis- 
factory to  mvself  and  interesting  to  the  Institute.  Real- 
izing as  the  time  for  my  paper  drew  near,  that  my  oppor- 
tunities for  experimentation  had  been  very  limited,  owing 
Whole   No.  Vol.  CX.XVIII.— (Third  Series,  Vol.  xcviii.)  3 
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beginning  to  attract  the  attention  of  legislators  who  desire, 
in  behalf  of  their  constituents,  to  secure  results  more 
expeditiously  by  securing  some  changes  in  the  methods  of 
making  appropriations  and  administering  these  public 
works. 

To  this  end  the  Committee  on  Expenditures  in  the  War 
Department,  Mr.  Laffoon,  Chairman,  in  reporting  favorably 
a  bill  for  this  purpose,  say:  "  The  time  has  come  to  inaugurate 
a  definite  policy  in  regard  to  national  public  works,  and  to 
provide  a  specific  agency  for  its  execution.  The  sense  of 
the  people  and  of  Congress  has  shown  a  steady  growth  for 
twenty  years  in  favor  of  the  development  of  harbors  and 
water-ways.  During  this  time  grave  objections  have  been 
urged  against  legislative  and  administrative  methods,  and 
these  objections  have  gathered  force  with  each  passing 
year.  *  *  *  In  legislation,  it  is  charged  that  Congress  is  not 
appropriating  in  harmony  with  any  well-conceived  general 
plan  or  system;  that  each  work  is  largely  considered  as  a 
detached  or  individual  work,  without  special  regard  to  any 
other  or  to  any  collection  or  group  of  works  as  a  whole; 
that  appropriations  are  uncertain  and  inadequate  for 
economical  results,  and  often  for  any  results  at  all ;  and 
that  the  largest  and  most  important  national  works  fail  to 
receive  that  attention  which  is  indispensable  if  they  are 
ever  to  be  completed." 

"  In  administration  various  objections  are  urged  which 
are  largely  incidental  to  the  necessary  methods  of  organiza- 
tion of  a  military  body,  and  that  are  not  adapted  to  a  strictly 
civil  work  and  function.  *  *  *  A  necessary,  and  the 
larger  part  of  the  technical  force,  is  without  proper  recogni- 
tion, tenure  of  position  or  hope  of  advancement,  resulting  in 
constant  change  in  personnel,  as  some  experience  is  acquired. 
The  military  system  does  not  readily  adapt  itself  to  the  best 
civil  practice,  nor  is  it  desirable  that  it  should  if  the  corps 
is  to  remain  a  part  of  the  army."  *  *  *  "  The  truth  of 
these  allegations,  to  a  greater  or  less  degree,  is  acknowledged 
by  every  one.  They  can  be  indefinitely  multiplied  and 
expanded  and  have  been  ably  presented  to  your  committee. 
Great  good  would  come  by  changing  the  legislative  prac- 
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tice,  likewise  by  a  specific  adaptation  of  the  administrative 
organization  to  its  work." 

The  importance  of  such  changes  as  are  proposed  becomes 
the  more  apparent  when  it  is  seen  that  the  policy  of  present 
methods  leads  to  a  reduplication  of  the  unsatisfactor}'  Con- 
tinental experiences,  at  great  waste  of  time  and  expense, 
while  the  fundamental  requirements  of  admitting  the  flood 
tide  freely,  defending  the  ebb  channel  from  the  encroach- 
ments of  the  beach  sand,  conserving  the  ebb  discharge  for 
scour  over  the  bar  and  providing  an  ample  water-way  for 
navigation  are  very  imperfectly  fulfilled  by  the  jetty  system 
as  at  present  applied. 
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[^  lecture  delivered  before  the  Franklin  Institute,  Monday,  March  it,  iS8gi\ 

The  Lecturer  was  introduced  by  Prof.  Edwin  J.  Hous- 
ton, of  the  Institute,  and  spoke  as  follows : 

Mr.  President,  Ladies  and  Gentlemen  : 

When  the  Franklin  Institute  honored  me  with  an 
invitation  last  summer  to  read  a  paper  on  a  subject  of  my 
own  choosing,  I  accepted  on  condition  that  the  time  be  set 
a  good  way  off,  and  selected  "  Cable  Telegraphy "  as  my 
theme. 

We  are  all  apt  to  be  prodigal  of  promises  of  remote 
fulfilment,  but  as  the  day  of  reckoning  approaches,  we 
sometimes  pay  the  penalty  of  our  rashness  in  misgivings  of 
our  ability  to  make  our  promises  good.  When  I  made  the 
engagement  I  was  greatly  interested  in  an  invention  for 
cable  telegraphy  which  I  was  then  bringing  out,  and  which 
I  expected  would  lead  to  experimentation,  and  results  satis- 
factory to  myself  and  interesting  to  the  Institute.  Real- 
izing as  the  time  for  my  paper  drew  near,  that  my  oppor- 
tunities for  experimentation  had  been  ver\-  limited,  owing 
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picked  up,  spliced  and  completed.  There  are  now  ten  cables 
across  the  Atlantic,  and  their  location  and  condition  is  about 
as  well  known  by  those  who  have  to  do  with  them  as  though 
they  were  exposed  to  view  for  the  entire  distance.  It  has 
been  said  of  Captain  Trott,  the  well-known  cable  fisherman, 
that  he  knows  the  mountains  and  valleys,  lanes  and  avenues 
of  the  ocean  as  well  as  a  cabman  knows  the  streets  of  Lon- 
don. Crossing  the  Atlantic  on  one  occasion  with  his  repair 
steamer,  and  realizing  that  he  was  in  the  vicinity  of  the 
spot  where  a  stretch  of  cable  had  been  lost  by  another  com- 
pany's steamer  some  time  previous,  the  captain  set  to  work, 
picked  up  the  cable  within  an  hour  or  two,  and  delivered  it 
to  its  owners  on  his  arrival.  Two  of  the  Atlantic  cables 
were  grappled,  hauled  up  and  repaired  in  mid-ocean  last 
summer.  It  is  expensive  work,  sometimes  costing  two  or 
three  htmdred  thousand  dollars. 

There  are  now  throughotit  the  world  over  116,000  miles 
of  submarine  cables,  with  nearly  125,000  miles  of  conductors. 
Only  in  short  cables  can  more  than  one  conductor  be  used. 
That  is  to  say  two  wires,  each  insulated  from  the  other, 
cannot  be  operated  in  long  cables  on  account  of  a  cross-fire 
known  as  induction  between  them.  Hence,  the  mileage  of 
cable  is  almost  as  great  as  the  mileage  of  conductors.  The 
Eastern  Cable  Company  alone  owns  ninety-one  cables, 
extending  over  38,000  miles. 

I  presume  you  have  all  seen  specimens  of  submarine 
cables,  and  many  of  you  are  more  or  less  acquainted  with 
the  general  method  of  their  construction.  It  would  be  out-, 
side  the  object  of  this  paper  to  describe  the  various  forms. 
There  are  several  extensive  manufactories,  each  having  its 
own  style  of  construction.  The  chief  objects  for  which 
manufacturers  have  striven  have  been  great  conductivity, 
high  insulation,  tensile  strength,  and  small  bulk.  To  this 
end  generally  the  conductor  is  made  of  several  small  copper 
wires  twisted  together  as  one.  A  single  conductor  of  the 
same  amount  of  metal,  would  be  too  risky,  for  if  it  should 
break,  continuity  might  be  lost  beyond  repair  for  a  long 
time.  Injury  to  one  of  the  small  wires  forming  the  com- 
posite conductors  would  not  seriously  interfere.     The  copper 
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forming  the  conductor  is  always  of  the  purest.  Then  comes 
the  insulation.  Unless  a  cable  conductor  is  well  insulated, 
or  protected  from  the  w^ater,  the  electric  current,  instead  of 
making  itself  manifest  at  the  distant  end,  will  leak  out  into 
the  water  and  complete  a  circuit  through  the  earth  to  the 
point  from  whence  it  came.  For  it  must  be  remembered, 
that  the  conducting  wire,  although  made  of  the  best  con- 
ducting metal  known,  offers  some  opposition  to  the  abso- 
lutely free  passage  of  the  current.  This  opposition,  termed 
resistance,  corresponds  to  friction.  Now  a  cable  from 
Ireland  to  Halifax  has  a  pretty  high  resistance,  amounting 
in  some  instances  to  twelve  or  fifteen  thousand  ohms  or 
units  of  friction,  while  the  entire  earth  only  offers  a  resist- 
ance of  a  fraction  of  an  ohm.  or  equal  to  the  resistance  of 
about  fifty  feet  of  the  ordinary  telegraph  wire  that  you  see 
on  the  poles.  Therefore,  as  electricity  is  a  great  economizer 
of  distance  and  time,  never  going  an  inch  out  of  its  way,  it 
will  go  through  a  fault  in  the  cable  in  preference  to  coming 
over  to  America.  A  hole  in  the  protecting  shield  as  big  as 
the  point  of  a  pin  will  let  the  current  out,  and  if  it  once  gets 
started,  even  in  a  very  small  way,  it  will  soon  make  an  outlet 
for  itself  that  will  practically  put  a  stop  to  all  telegraphy. 
This  will  give  you  some  idea  of  the  necessity  for  perfection  in 
the  manufacture  of  cables.  Of  course,  the  full  coating  of 
insulation  is  not  put  on  all  at  once.  Three  or  four  different 
coats  are  applied.  Gutta-percha  and  compounds  of  a  kin- 
dred nature  are  used.  Tarred  hempen  twines  are  wrapped 
around  the  insulation.  Then  galvanized  iron  wires  are 
twisted  over  the  hemp,  and  sometimes  they,  in  turn,  are 
wrapped  with  fibrous  material  to  protect  them  from  the 
corrosive  action  of  the  water. 

All  cables  are  tested  before  leaving  the  factory'.  When 
put  on  shipboard,  the  ship's  electrician  is  in  constant  com- 
munication with  the  shore  through  all  the  cable  on  the  ship. 
The  slightest  fault  is  detected  just  as  soon  as  it  goes  into 
the  water.  Paying  out  is  immediately  stopped,  and  the 
cable  repaired.  You  could  not  see  a  pinhole  in  the  insula- 
tion, but  it  can  be  located  by  the  fine  testing  instruments, 
sometimes  within  a  quarter  of  a  mile  in  the  entire  stretch 
of  2,000  miles. 
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The  beat  conductor  is  the  worst  insulator.  The  best 
insulator  the  worst  conductor.  The  difference  between  the 
conductivity  of  pure  copper  and  pure  gutta-percha,  cannot 
be  expressed  understandingly  in  figures.  vSomebody  has 
calculated  that  if  the  difference  was  reckoned  on  the  basis 
of  the  velocity  of  light,  it  would  take  the  sunlight  a  century 
to  reach  the  earth.  Owing  to  great  insulating  properties 
of  gutta-percha,  but  a  fraction  of  current  is  lost  between 
Europe  and  America. 

People  unacquainted  with  these  matters  would  naturally 
think,  with  DeSauty,  that  so  long  a  cable  would  require  very 
powerful  currents  to  operate  them,  but  it  is  not  so.  There 
is  quite  as  much  battery  used  in  working  a  wire  between 
Philadelphia  and  New  York  as  is  used  on  the  cable.  The 
reason  is  mainly  on  account  of  the  almost  perfect  insulation 
of  the  latter,  little  or  nothing  being  lost,  while  in  the  case 
of  the  Philadelphia  and  New  York  overhead  wire  a  large 
percentage  of  the  current  goes  to  earth  at  the  pole.?. 
Besides,  much  coarser  instruments  are  used  on  the  land 
lines.  It  would  injure  the  Atlantic  cable  to  apply  as  much 
current  jDower  to  it  as  it  takes  to  work  a  land  line  from  New 
York  to  Washington  on  a  rainy  day.  All  the  current  that 
goes  into  a  well  insulated  cable  at  one  end,  must  come  out 
at  the  other.  It  would  be  much  better  if  the  insulation  of 
the  cable  was  less  perfect.  It  could  be  operated  much 
faster.  My  own  opinion  is  that  the  great  need  in  cable 
telegraphy  is  bad  insulation,  or  a  good  bad  insulating  mate- 
rial. Something  that  will  not  go  from  bad  to  worse  under 
the  action  of  the  current.  Just  at  this  time  there  is  con- 
siderable discussion  going  on  as  to  the  necessity  for  armor 
wires  for  deep-sea  cables,  and  also  regarding  their  effect  on 
the  working  of  the  cable.  It  is  claimed  by  many  that  there 
is  absolute  rest  at  the  bottom  of  the  Atlantic,  and  that 
tarred  hemp  covering  would  be  more  durable  than  the 
armor  wires.  Many  electrical  authorities  have  held  that 
the  iron  armor  wires  impede  transmission,  on  account  of 
their  influence  on  the  conductor,  or  magnetic  induction. 

The  greatest  living  authority  in  such  matters,  Sir  William 
Thomson,  lavs  down  the  law,  that  while  the  retarding  effects 
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of  magnetic  induction  may  be  recognized  in  cables  of  about 
100  miles  in  length,  it  is  completely  overshadowed  in  long 
cables  by  the  greater  retardation  arising  from  static 
capacity.  He  even  goes  so  far  as  to  accept  and  indorse  Mr. 
Oliver  Heavesides'  mathematical  proof  that  magnetic  induc- 
tion increases  the  speed  at  which  long  cables  may  be  (oper- 
ated. While  it  would  be  great  presumption  for  me  to  differ 
with  such  eminent  authority,  I  cannot  help  thinking  that 
there  is  much  of  what  Professor  Tyndale  would  call "  scientific 
speculation  "  in  these  views.  I  am  strongly  of  the  opinion 
that  the  unarmored  cable  would  be  much  faster  than  the 
one  bound  with  armor  wires.  Aside  from  electrical  con- 
siderations, it  is  believed  that  armor  wires  are  necessary  to 
protect  the  cable  from  chafing  on  the  rocks,  and  from  the 
teeth  of  the  parasite,  which  fares  sumptuously  on  hemp, 
tar,  gutta-percha,  and  other  apparently  indigestible  sub- 
stances. Ever\'thing  is  said  to  have  its  parasite,  and  it  is 
proven  that  cables  at  the  bottom  of  the  ocean  have  not 
been  overlooked.  Cables  have  been  taken  up  from  a  depth  of 
a  mile  and  a-half,  with  the  hemp  covering  badly  eaten 
away,  and  at  a  depth  of  over  half  a  mile  strong  currents  of  the 
ocean  have  rasped  the  armor  wires  on  the  rocky  bottom. 
To  overcome  this  latter  difficulty  the  shore  ends  of  cables 
are  always  made  much  heavier  and  stronger  than  the  deep 
water  cables.  Experience  has  not  yet  determined  the  full 
lasting  qualities  of  electric  cables.  Specimens  have  been 
taken  up  which  show  no  signs  of  deterioration  after  having 
been  in  the  water  for  more  than  thirty-five  years.  Water, 
and  especially  salt  water,  seems  to  be  a  preserver  of  insu- 
lating compounds. 

The  method  of  operating  cables  has  been  so  fully  and 
learnedly  explained  in  many  books  on  electricity,  that  it 
may  seem  a  waste  of  time  to  go  over  the  ground  in  a  less 
instructive  way,  but  I  do  not  intend  to  attempt  more  than  a 
description,  in  simple  language,  of  the  elementary  principles 
of  operation,  hoping  therebv  to  be  able  to  make  clear  to  your 
minds  the  nature  of  my  own  endeavor  in  the  direction  of 
improvement,  and  in  what  respect  it  differs  from  the  present 
plan.     Almost  everybody  in  these  days  has  some  knowledge 
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of  how  land  lines  are  operated.  They  have  become  accustomed 
to  seeing  the  operator  manipulating  his  key,  and  although 
the  click  of  the  sounder  has  no  meaning  to  their  ear,  still 
all  know  that  the  working  of  the  key  at  one  end  of  the  line 
causes  the  sounder  to  work  at  the  other  end.  Although  not 
a  country  in  Europe,  except  England,  uses  the  sounder,  the 
clicks,  recorded  in  dots  and  dashes  on  the  strip,  have  the 
same  meaning.  It  is  the  only  real  Volapiik  language. 
The  marks  on  the  paper  might  be  likened  to  the  music 
score,  while  the  sounder  is  the  tune  itself.  We  are 
admonished  that  we  should  believe  nothing  that  we  hear 
and  but  half  that  we  see,  but  experience  has  proven  that  in 
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telegraphy  the  ear  is  more  correct  than  the  eye.  Further- 
more, telegraphy  can  be  carried  on  much  more  rapidh"  by 
sound  than  by  reading  from  the  paper  strip.  We  should 
be  proud  of  the  expertness  of  our  American  telegraph 
operators,  for  I  doubt  if  there  be  on  the  entire  continent  of 
Europe  an  operator  that  could  copy  thirty  words  per  minute 
by  sound  for  five  consecutive  minutes.  Our  operators  have 
to  do  this,  or  very  near  it,  all  day  long. 

It  is  not  the  fault  of  the  foreign  telegraphists  that  they 
are  not  sound-readers.  They  are,  in  the  main,  well  educated, 
bright  and  intelligent,  but  the  administrations  have  no 
confidence  in  this  way  of  working,  and  refuse  to  trust  it. 
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It  was  forbidden  in  this  country  up  to  about  twenty-five 
years  ago,  but  Young  America  couldn't  plod  where  he  could 
just  as  well  progress,  so  the  telegraph  managers  soon  found 
that  they  were  simply  wasting  paper.  The  operators  read 
by  sound. 

On  long  cables,  such  as  those  across  the  Atlantic,  the 
Morse  relay  and  sounder  are  too  coarse  for  the  exceedingly 
delicate  impulses  that  come  through  the  cable.  It  might  be 
possible  to  work  a  very  sensitive  Morse  relay,  but  at  an 
impractically  slow  speed  of  perhaps  two  or  three  words  per 
minute.  The  cable  would  be  clogged  up  by  the  strong 
currents  required.  The  weaker  the  current  the  faster  the 
speed ;  hence,  everything  depends  on  the  sensitiveness  and 
delicacy  of  the  receiving  instrument.  The  most  sensitive 
of  these  is  the  Thomson  reflecting  galvanometer.  [Fig.  i.) 
It  consists  of  a  small  piece  of  steel,  no  thicker  than  a  watch- 
spring  and  about  three-eighths  of  an  inch  in  length,  sus- 
pended by  the  finest  silk  fibre  in  the  centre  of  a  coil  of  fine 
insulated  copper  wire.  To  this  small  steel  compass  is  fastened 
a  looking-glass,  about  as  large  as  the  blunt  end  of  your  lead 
pencil.  Opposite  this  needle  and  its  reflector,  and  perhaps 
three  or  four  feet  away,  is  a  lighted  lamp  and  a  screen.  In 
the  centre  of  the  screen  is  a  neutral  or  zero  point,  where  the 
beam  of  light  reflected  by  the  small  looking-glass  rests  when 
there  are  no  signals  coming.  A  permanent  magnet  is  placed 
in  such  magnetic  relation  to  the  small  piece  of  steel  as  to 
cause  the  beam  of  light  to  return  to  the  neutral  point 
quickly  after  having  been  carried  to  the  right  or  left  by  an 
impulse  of  current  coming  over  the  cable.  Instead  of  using 
a  single  key  and  making  dots  and  dashes  with  a  current  of 
one  polarity,  merely  tapping  the  key  for  a  dot.  and  holding 
it  down  for  a  longer  time  for  a  dash,  as  in  ordinary  Morse 
telegraphy,  the  present  cable  system  requires  tzvo  keys,  one 
connected  to  a  positive,  the  other  to  a  negative  battery. 
Now,  assuming  that  a  tap  on  the  positive  key  will  swing 
the  beam  of  light  to  the  right  in  Canada,  that  signal  would 
be  recognized  as  a  dot.  Then,  if  the  other  key  connected  to 
the  negative  battery  be  tapped,  the  beam  of  light  will  swing- 
to  the  left  of  the  zero  line  and  will  denote  a  dash.     You  will 
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observe  that  no  dashes  or  long  contact  with  the  battery  are 
admissible  in  this  system,  and  the  aim  of  the  operator  must 
be  to  make  the  taps  on  each  key  of  the  same  duration,  so 
that  the  reading  light  will  return  to  its  neutral  position 
quickly  and  uniformly  after  each  signal.  This  is  the  fastest 
system  of  ocean  telegraphy  in  use. 

The  receiving  apparatus  is  placed  in  a  darkened  room. 
The  receiving  operator  calls  off  the  letters  one  bv  one  to  a 
copjdst  who  writes  them  down.  It  is  tiresome  work  for  the 
receiver,  whose  eyes  must  never  leave  the  moving  ray 
silently  speaking  to  him  from  the  other  shore.  To  verify  a 
letter  of  doubtful  sound,  a  familiar  word  beginning  with  the 
letter  is  quicklv  pronounced.    For  example,  after  calling  out 
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the  letter  D,  the  receiver  might  say  "dog,"  so  that  the  copyist 
could  not  mistake  D  for  B,  C,  G  or  E.  The  average  speed  of 
transinission  by  this  system  is  about  fifteen  words  per 
minute  for  regular  messages.  A  later  and  preferred  system 
■of  cable  signalling  now  in  very  general  use  is  the  Thomson 
Recorder  System.  The  signals  are  recorded  in  ink  on  a 
paper  strip.  Although  not  quite  as  fast  as  the  mirror 
system,  and  a  little  less  sensitive,  the  recorder  is  recognized 
as  a  marvel  of  ingenuity  and  perfection,  considering  the  work 
it  performs  under  such  difficult  conditions.  This  rough  dia- 
gram on  the  screen  {Fig.  2)  will  show  the  arrangement  of  the 
transmitting  keys  and  connections.  Everything  is  the  same 
.as  already  described  in  connection  with  the  mirror  system. 
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but  I  wish  to  make  it  perfectly  clear  to  you  by  the  diagram, 
■as  it  is  between  this  system  of  transmission  and  my  own 
.system,  which  I  am  coming  to  soon,  that  I  wish  to  draw  a 
few  comparisons.  This  diagram  also  gives  an  outline  of 
the  Thomson  Recorder.  In  a  few  minutes  I  will  show  you 
on  the  screen  a  recorder  complete.  Referring  now  to  the 
diagram  before  us,  you  will  have  no  difficulty  in  following 
the  circuit  connections.  We  must  assume  that  the  recorder 
is  at  the  distant  end  of  the  cable,  and  the  kevs,    batteries 
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and  condensers  are  at  the  transmitting  end.  In  their  present 
position,  both  transmitting  keys  are  disconnected  from  the 
battery,  and  the  cable  is  connected  to  earth.  As  but  one 
key  is  pressed  down  at  a  time,  the  cable  is  connected  to 
earth  between  each  impulse.  Now  with  the  complete  draw- 
ing of  the  recorder  before  us  i^Fig.  j),  we  can  understand 
how  the  signals  are  received  on  the  paper  strip. 

Instead  of  a  small  piece  of  steel  suspended  in  the  centre 
of  a  coil  of  wire,  as  in  the  case  of  the   mirror   instrument, 
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we  have  here  a  small  coil  of  wire  suspended  between  the 
poles  of  a  powerful  permanent  magnet.  The  wire  in  this 
small  coil  is  so  fine  that  several  pieces  of  it  might  be  put  in 
the  eye  of  a  cambric  needle  at  the  same  time.  It  is  sus- 
pended by  a  very  slender  silk  thread.  To  the  bottom  of  the 
coil  two  weights  are  attached,  which  bring  the  coil  into 
proper  relation  with  the  lines  of  force  of  the  permanent 
magnet,  so  that  when  an  impulse  is  received  from  the 
distant  end  it  brings  about  the  greatest  amount  of  swerve 
of  the  coil  in  a  rotary  direction.  When  the  current  swings 
the  coil  to  the  left,  the  right-hand  weight  pulls  it  back,  and ' 
vicc-vcrsa.  The  siphon  with  one  end  in  the  ink-pot  and  the 
other  resting  on  the  paper  strip,  is  attached  to  an  adjustable 
support,  and  its  lateral  movement  is  controlled  by  a  silk 
thread  attached  to  the  coil.  Now,  if  the  paper  be  pulled  by 
the  feed  rollers,  a  straight  delicate  line  in  ink  would  be 
made  in  the  centre  of  the  strip.  But  with  the  siphon  touch- 
ing the  paper,  the  friction  of  even  this  very  delicate  con- 
trivance would  be  too  great  to  be  overcome  by  the  swing  of 
the  coil  under  the  influence  of  the  faint  impulses  coming 
over  the  cable.  To  remedy  this,  Sir  William  Thomson 
devised  a  plan  of  surpassing  beaitty  and  ingenttity.  This 
mysterious  looking  little  arrangement,  which  you  see  here 
at  the  top  of  the  figure,  is  a  generator  of  static  electricity. 
It  is  frictional  electricity,  the  same  as  you  get  from 
belts  in  your  works,  or  from  sliding  your  slippered  feet 
across  the  carpet,  the  oldest  electricity  of  which  we  have 
any  record,  unless,  perhaps,  it  be  the  lightning  that  Ajax 
challenged.  The  Greeks  made  it  by  rubbing  amber.  Well, 
this  is  what  Sir  Wm.  Thomson  uses  to  relieve  this  little 
siphon  of  friction  in  its  oscillations.  The  static  generator 
is  run  by  a  small  electric  motor,  generally  known  as  a  "  mouse 
mill."  The  electricity  ground  out  by  this  little  mill  is  con- 
ducted by  a  damp  string  or  wire  to  the  ink  in  the  ink-pot, 
which  is  well  insulated  from  the  base.  It  then  finds  its  way 
through  the  ink  in  the  small  glass  siphon  to  the  paper, 
where  it  is  discharged.  The  siphon,  which  is  as  fine  as  a 
hair,  is  normally  adjusted  so  as  to  just  escape  the  paper. 
The  static  electricity  attracts  the    siphon  to  the  paper,  but 
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as  soon  as  the  ink  touches  the  paper  the  current  is  dis- 
charged, causing  the  siphon  to  rebound.  Thus,  the  siphon 
may  not  reallv  touch  the  paper,  but  the  ink  is  deposited  in 
dots  so  close  together  as  to  form  a  practically  continous 
line.  The  discharge  and  consequent  vibration  of  the 
siphon  will  number,  perhaps,  fifty  per  second.  In  this  way 
the  small  coil  of  wire  meets  with  little  or  no  hindrance  in  its 
movement  and  a  permanent  record  is  made  on  the  strip 
which,  if  obscure  or  doubtful,  may  be  scrutinized  with 
deliberation.  Not  so  with  the  mirror  receiver.  If  a  letter 
or  word  is  not  translated  while  the  beam  of  light  is  swinging- 
it  is  lost  and  must  be  repeated.  This  beautiful  electro-static 
device  for  overcoming  friction  has  but  one  drawback.  It  is 
quite  difficult  to  confine  the  static  current  to  its  proper 
channels  in  damp  weather.  Its  high  potential  makes  it 
difficult  of  insulation.  Air.  Cutriss,  mechanician  and  elec- 
trician of  the  Commercial  Cable  Company,  has  devised  and 
put  in  operation  a  verv  ingenious  plan  lor  obviating  this 
difficulty  and  it  does  it  most  successfully.  Instead  of  y 
.static  generator  such  as  described,  he  fastens  to  the  end  of 
the  siphon  where  it  touches  the  paper  a  piece  of  iron  about 
the  size  of  a  pin's  head.  Underneath  the  paper  is  an  electro- 
magnet, the  circuit  of  which  is  interrupted  by  an  adjustable 
automatic  vibrator. 

In  this  way  the  small  speck  of  iron  attached  to  the  siphon 
is  attracted  each  time  the  circuit  of  the  magnet  under  the 
paper  is  closed,  and  a  vibration  imparted  to  the  siphon 
corresponding  with  the  rate  of  the  automatic  circuit  breaker, 
•or,  to  be  more  correct,  the  circuit  breaker  is  adjusted  to  the 
natural  rate  of  vibration  of  the  siphon. 

Now,  having  considered  the  method  of  operation, we  may 
analyze  briefly  the  theory  involved. 

I  will  submit  a  few  general  proportions  upon  which  to 
predicate  a  few  deductions  later. 

The  reason  why  relays  and  sounders  are  not  used  for 
cable  work  is  that  they  require  comparatively  strong  cur- 
rents to  affect  them.  Strong  currents  cannot  be  used, 
because  they  are  injurious  to  the  cable  and  prevent  rapid 
.signalling.     The  question  arises  then  is  it  possible  to  make 
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a  relay  that  will  work  with  the  present  current  pressure  and 
make  and  break  the  local  circuit  of  a  sounder,  so  that 
signals  may  be  received  by  sound  at  as  high  a  rate  of  speed 
as  at  present  obtainable  by  the  mirror  or  recorder  instru- 
ment ? 

It  is  a  most  hazardoiis  thing  in  these  days  to  say  that 
anything  cannot  be  done.  I  have  no  hesitation  in  saying 
that  at  no  very  distant  day  the  Atlantic  cables  will  be 
operated  by  relays  and  sounders,  but  not  with  the  present 
system  of  transmission  of  the  impulses.  And  I  am  also 
strongly  of  the  opinion  that  the  present  mirror  and  recorder 
systems  may  also  be  operated  at  a  considerably  higher  speed 
by  a  change  in  the  method  of  transmission.  Or,  in  other 
words,  I  maintain  that  the  system  of  transmission  which 
will -make  relays  and  sounders  of  the  future  work  practic- 
ably on  long  cables  is  now  available  for  the  improvement  of 
the  speed  of  the  present  receivers.  I  alluded  some  ways 
back  in  this  paper,  to  obstacles  in  the  wav  of  operating 
cables  with  the  same  facility  that  land  lines  are  worked.  I 
now  return  to  that  part  of  our  subject,  and  if  you  will  con- 
tinue your  patient  attention  for  a  short  time  longer,  I  hope 
to  be  able  to  make  the  cause  and  effects  touched  upon  clear 
to  you  all.  You  all  know  the  Leyden  jar.  That  it  comprises 
a  glass  jar  with  a  coating  of  foil  inside  and  another  outside, 
each  completely  separated  and  insulated  from  the  other  by 
the  glass.  You  also  are  well  aware  of  the  fact  that  if  one 
of  the  coatings  of  metal  be  charged  with  positive  elec- 
tricity, the  other  coating  will  be  inductively  charged  with 
electricity  of  an  opposite  polarity.  It  is  the  same  with  a 
condenser  made  up  of  sheets  of  tin-foil  and  separated  from 
each  other  by  sheets  of  paraffine  or  any  high  insulation. 

A  submarine  or  subterranean  cable  is  nothing  more  than 
a  Leyden  jar  or  condenser.  The  conductor  is  one  plate,  the 
insulation  is  the  glass  jar,  and  the  armor  wires  and  water  the 
other  plate.  Consequently,  when  a  current  impulse  is  sent 
into  the  cable,  an  opposing  current  makes  its  appearance  on 
the  outside  and  in  the  insulation.  This  unwelcome  outsider 
weakens  the  real  impulse  in  its  passage  through  the  con- 
ductor, and,  worse  still,  takes  possession  of  the  conductor 
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itself'  when  the  first  current  ceases,  and  opposes  the 
entrance  of  the  next  current  impulse. 

Thus  it  is,  that,  after  each  signal  is  sent  into  the  cable,  we 
have  what  is  known  as  static  discharge.  It  is  only  static,  or 
in  a  state  of  rest,  so  long  as  the  signal  current  is  in  posses- 
sion of  the  cable,  for  when  the  cable  conductor  is  put  to  earth, 
as  is  done  after  each  impulse,  as  shown  in  the  drawing,  it 
runs  out,  most  of  it  towards  the  end  at  which  the  signalling 
current  went  in,  but  some  of  it  goes  towards  the  distant 
end,  prolonging  the  signal  at  that  end  much  beyond  its 
length  at  starting.  Now,  for  the  reasons  already  explained, 
currents,  whether  real  or  vagrant,  travel  slowly  in  the  cable. 
It  requires  about  one-tenth  of  a  second  for  an  impulse  to 
cross  the  Atlantic. 

If  the  cable  conductor  was  on  poles  fifty  feet  above  the 
surface' of  the  water,  the  impulse  would  make  a  dozen  round 
trips  in  the  same  time.  Now  then,  after  sending  in  one 
impulse,  the  operator  cannot  wait  for  the  static  discharge  tO' 
run  out  completely.  This  would  render  transmission 
unprofitably  slow.  Another  impulse  must  follow,  but,  owing 
to  the  blocking  up  of  the  way  by  the  static  current,  it  arrives, 
delayed  and  depleted  at  the  other  end.  In  cable  telegraph^',. 
as  at  present  conducted,  I  have  shown  that  two  keys  are 
used — one  for  sending  positive  currents,  the  other  negative^ 
and  representing  dots  and  dashes  respectively.  Now  then, 
if  the  letter  A  is  to  be  sent,  the  positive  key  is  first  tapped 
and  the  siphon  is  carried  towards  the  top  of  the  strip.  Then 
the  negative  key  is  tapped  and  the  siphon  is  carried  towards- 
the  bottom  of  the  strip.  These  two  movements  up  and 
down  will  represent  A,  and  there  is  no  mistaking  it.  This 
letter  was  formed  of  alternations  of  the  current — positive 
and  negative.  It  will  be  different  with  letter  B.  It 
requires  four  signals — a  dash  and  three  dots.  The  negative 
key  is  pressed  down  once,  and  immediately  afterwards  the 
positive  kej-  is  pressed  down  three  times  in  succession. 
Thus  one  negative  current  and  three  positive  currents  were 
sent.  The  effect  of  the  negative  impulse  was  to  carry  the 
siphon  below  the  horizontal  line  representing  the  dash. 
The  first  of  the  three  positive  currents  brought  it  back  to  a 


48  Dclaiiy :      '  [J.  F.  I., 

position  slightly  above  the  horizontal  line.  The  second 
carried  it  a  little  further  in  the  same  direction,  and  the  third 
still  a  little  further.  I  have  on  the  screen  several  specimens 
of  cable  records  [Fig.  /).  Although  the  variety  is  not  great 
they  are  sufficient  to  show  the  effects  of  static  capacity  and 
retardation. 

This  4-4  strip  shows  an  alphabet  in  the  Continental  code, 
received  over  the  Direct  United  States  Cable  Company's 
cable  at  Halifax,  from,  Ireland  about  three  weeks  ago.  It  is 
not  a  first-rate  specimen,  owing  to  the  fact  that  the  cable  is 
generally  worked  with  the  mirror  system,  and  the  recorder 
was  set  up  temporarily  by  the  obliging  management  just  to 
get  me  this  record.  It  is  a  fair  sample  of  every-day  cable- 
work,  however.  This  and  the  other  strips  on  the  diagrams 
which  you  have  are  one-third  below  the  actual  size,  having 
been  photographed  down.  You  will  see  that  the  three  dots 
of  the  letter  B  resemble  three  steps  of  a  stair,  but  without 
the  sharp  outline,  and  you  will  observe  that  the  last  dot  is 
less  distinct  than  the  second,  and  that  the  second  is  not  as 
plain  as  the  first.  The  dots  in  letter  H  answer  the  descrip- 
tion even  better  than  B.  The  explanation  of  this  is  that 
the  first  dot  represents  the  scope  of  the  swing  of  the  sus- 
pended coil  of  wire  under  the  influence  of  a  reversal  of  the 
current  from  negative  to  positive.  The  second  dot  simply 
shows  a  slight  fall  in  the  potential  of  the  cable,  owing  to 
the  breaking  of  the  current  at  the  sending  end,  and  the 
third  shows  a  still  smaller  undulation.  The  cause  of  this  is 
that,  after  the  first  dot  was  made  and  the  battery  withdrawn 
at  the  sending  end,  the  static  current  continued  to  run  out 
at  the  receiving  end,  still  holding  the  siphon  above  the 
horizontal  line,  to  which  point  it  would  otherwise  have 
returned  quickly,  and  in  its  exit  at  the  transmitting  end 
weakens  the  next  dot  coming  in.  The  third  dot  shows  that 
the  cable  was  still  more  clogged  up  than  when  the  second 
dot  came  through,  and  so  on.  If  dots  were  sent  con- 
tinuously, there  would  be  nothing  but  a  straight  line, 
provided  the  dots  followed  .each  other  in  reasonably  rapid 
succession.  It  must  not  be  inferred  that  additional  dots 
would  keep  on  carrying  the  siphon  higher  and  higher,  for 
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such  would  not  be  the  case.  The  maximum  influence  of  the 
current  for  turning  the  coil  around  is  reached  in  three  or 
four  impulses,  and  if  the  current  was  permanently  connected 
the  siphon  would  make  a  straight  line  above  or  below  the 
centre  of  the  strip,  according  to  the  polarity  of  the  current 
coming  over  the  cable. 

You  will  readily  appreciate  the  degree  of  proficiency  and 
experience  necessary  on  the  part  of  the  cable  operator  to 
translate  correctly  these  wavy  lines  and  almost  imper- 
ceptible undulations,  especially  when  we  remember  that 
nearly  all  cable  messages  are  in  cipher,  without  meaning  or 
context  to  aid  the  operator.  The  high  charges  have  been 
productive  of  codes  so  constructed  that  a  single  word  may, 
when  translated,  be  as  long  as  the  Lord's  Prayer.  Ten 
letters  are  allowed  to  a  word.  If  it  goes  one  letter  over  it 
is  charged  for  as  two  words.  The  addition  or  omission  of 
a  letter  in  a  word  may  change  the  entire  meaning  of  the 
cablegram.  The  cable  operator  must  exercise  wonderful 
judgment.  When  the  dots  or  dashes  are  practically  devoid 
of  any  characteristic  but  a  straight  line,  he  determines 
their  number  by  the  length  of  the  line  occupied  by  the 
doubtful  letter.  The  sti'ain  on  the  mind  is  great,  for  fines 
are  imposed  for  errors. 

To  facilitate  business,  and  as  a  further  safeguard  against 
mistakes,  in  some  offices  two  operators  examine  the  strip  as  it 
comes  from  the  instrument.  The  second  operator  verifies 
or  corrects  words  indicated  as  doubtful  by  the  first. 

The  most  interesting  and  really  wonderful  telegraphing 
in  the  world  is  carried  on  "hy  the  Eastern  Cable  Company. 
jSIessages  are  sent  from  Bombay  to  Penzance,  over  a  series 
of  cables  which,  by  what  is  known  as  the  "  Human  Relay" 
system,  is  practically  continuous.  Bombay  sends  to  Aden, 
1,832  niiles.  An  operator  at  Aden  reads  directly  from  the 
strip,  and  at  the  same  time  transmits  to  Suez,  1,403  miles. 
Suez  in  like  manner  sends  to  Alexandria,  1 54  miles.  Alex- 
andria operator  sends  to  Malta,  925  miles.  Malta  repeats  to 
Gibraltar,  1,125  rniles.  Gibraltar  in  turn  sends  to  Lisbon, 
383  miles,  and  finally  the  operator  at  Lisbon  sends  to 
Penzance,  891  miles.  A  total  distance  of  6,713  miles  wnth- 
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out  a  word  being  written.  This  weird  message  of  mankind 
enters  ocean  after  ocean  and  sea  after  sea,  bobbing-  up 
serenely  at  intervals,  as  though  to  get  breath  for  a  fresh 
dive.  As  nearly  all  cable  circuits  are  worked  upon  the 
duplex  plan  in  these  times,  this  matchless  transmission  is 
not  interrupted  for  corrections  or  missing  words.  The 
message  is  kept  moving  to  the  end,  and  if  found  wanting  in 
any  respect  inquiry  is  sent  back  to  Bombay  on  the  other 
circuit.     So  that  the  routine  goes  on  like  an  endless  chain. 


i. 


\0, 


Fig.  5. 

I  do  not  think  it  necessary  to  take  up  any  further  time 
with  the  theory  and  practice  of  the  present  system,  but  will 
come  at  once  to  an  explanation  of  my  own  system  of  trans- 
mission, which  I  will  endeavor  to  make  as  short  as  possible. 
I  must  ask  you  to  give  me  your  attention  while  I  have 
recourse  to  this  excellent  diagramatic  view  of  the  apparatiis, 
{Fig.  5),  and  if  you  will  bear  in  mind  what  has  already  been 
said  upon  the  theoretical  operation  of  cables,  it  will  take  you 
but  a  few  miniates  to  recognize  the  difference  between  the 
systems   explained    to   you,    and    the   one    I    am    about   to 
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describe.  The  main  features  of  this  system  are,  that  suc- 
cessive impulses  of  the  same  polarity  are  never  sent  into 
the  cable.  That  each  signal  impulse  is  followed  by  another, 
which  opposes  and  neutralizes  the  static  charge  in  the 
cable,  and  clears  the  way  for  the  next  signal  impulse.  Also 
that  all  the  signalling  impulses  are  of  practically  the  same 
duration,  and  that  the  clearing  impulses  are  absolutely  of 
the  same  duration.  And,  finally,  that  transmission  is  done 
by  the  use  of  an  ordinary  Morse  key,  so  that  any  operator 
can  send  messages.  The  two-keved  svstem  requires  even 
more  practice  to  become  proficient  than  single  key  working. 
I  have  explained  to  you  how  a  series  of  impulses  of  like 
polarity  may  appear  as  a  straight  line  on  the  strip  at  the 
receiving  end,  according  to  the  frequency  with  which  they 
follow  each  other.  .So  also  may  regular  reversals  become 
almost  a  straight  line  if  they  are  sent  in  sufficiently  rapid 
succession,  and  the}- might  be  sent  so  quickly  that  no  current 
at  all  would  reach  the  receiving  end,  the  discharge  from  one 
completely  obliterating  the  next.  They  would  strangle  each 
other  in  the  cable.  I  am  convinced,  however,  that  if  each 
signalling  current  is  immediately  followed  by  a  neiitralizing 
current  of  electro-motive  force,  adjusted  to  the  static  dis- 
charge, the  speed  of  signalling  may  not  onlv  be  greatly 
increased,  but  the  received  marks  will  be  unmistakable.  In 
support  of  my  claim,  that  by  keeping  the  cable  in  a  state  of 
stable  equilibrium  by  the  neutralizing  impulses,  I  would 
state  that  early  last  summer  I  transmitted  6S0  perfect 
impulses  over  a  cable  of  nearly  1,000  miles  in  length,  having- 
a  resistance  of  13,000  ohms,  and  an  electro-static  capacitv 
of  240  microfarads,  and  this  with  eight  volts — just  one-half 
of  the  electro-motive  force  used  on  this  cable  ordinarily. 
This  is  equal  to  more  than  thirty  words  per  minute  and  the 
record  was  as  even  as  if  it  had  been  engraved.  In  Sep- 
tember last,  I  made  two  experiments  over  the  Anglo- 
American  cable  between  Duxbury,  Mass.,  and  St.  Pierre, 
Lsland  of  Miquelon.  This  cable  is  878  miles  in  length,  has 
a  resistance  of  8,300  ohms  and  a  capacitv  of  256  microfarads. 
The  resiilt  of  these  experiments,  hurried  and  imprepared  as 
thev  were,  I  have  endeavored  to  bring  to  vour  attention  on 
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a  small  scale  by  having  the  records  reproduced  in  fnc-siuiilc. 
You  will  find  them  on  the  sheet. 

Owing  to  the  faint  lines  made  by  the  recorder,  and  to  the 
fact  of  the  ink  being  blue,  it  was  necessary  before  photo- 
graphing to  go  over  the  strip  with  pen  and  ink,  which  has,  to 
a  considerable  degree,  robbed  them  of  their  smooth  outline,  so 
that  they  do  not  appear  to  as  good  advantage.  If  you  will  look 
at  the  sheet,  I  will  give  the  record  of  each  specimen  begin- 
ning at  the  top.  Number  i  is  a  portion  of  the  continental 
alphabet,  not  sent  over  the  cable,  but  made  locally  at  Dux- 
bury  by  the  present  system  of  transmission,  and  by  throw- 
ing the  duplex  a  little  out  of  balance.  It  may  be  considered 
an  ideal  specimen.  The  dots  are  above,  the  dashes  below 
the  horizontal  line,  represented  by  the  long  straight  lines 
between  each  letter. 

The  dots  you  will  remember  are  all  made  by  one  polarity 
of  cuiTent,  the  dashes  by  the  other.  No  signs  of  the  clog- 
ging effect  of  static  capacity  are  visible  in  this  strip,  because 
the  signals  were  not  sent  through  the  cable.  Number  2  is 
by  my  system  of  transmission,  made  under  the  same  condi- 
tions. My  transmitter  puts  both  dots  and  dashes  at  the  top,  or 
above  the  horizontal  line.  Telegraphers  must  bear  in  mind 
that  this  is  the  Continental  code,  several  letters  of  which 
differ  in  construction  from  our  American  Morse.  I  consider 
the  foreign  alphabet  better  than  ours.  There  are  no  space 
letters,  consequently  less  liability  to  error.  Our  code  is  faster, 
however.  The  Continental  C,  is  an  American  J ;  our  y  is 
their  F.  Their  R  is  our  F;  an  American  X  is  a  Continental 
L,  and  so  on.  It  is  somewhat  puzzling  for  a  sound-reading 
operator,  knowing  both  alphabets,  to  read  first  one  and  then 
the  other  In'  sound  without  confusion.  I  have  had  some 
experience  with  this  sort  of  thing  myself.  On  one  occasion  I 
asked  an  English  operator  over  the  wire  how  my  system 
was  working,  when  he  answered  back  "  axx  fight,"  I  was  con- 
tent. Now  telegraphists  will  recognize  a  dot  and  a  dash 
for  A.  Dash  and  three  dots  for  B,  and  dash  dot,  dash  dot 
for  C,  dash  and  two  dots  for  D,  one  dot  for  E,  etc.  Specimen 
number  3  was  received  over  the  Anglo-American  Cable  at 
Duxburv  from  St.  Pierre.     Bv  the  long  waits  between  the 
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letters  you  will  see  that  it  was  sent  at  a  very  slow  speed, 
perhaps  eight  or  nine  words  per  minute.  Here  we  have 
the  effects  of  choking  up  of  the  cable  by  succeeding 
impulses  of  like  polarity  beautifully  illustrated.  Obser\'e 
letter  B — a  dash  and  three  dots.  The  lower  loop  is  the  dash, 
the  undulations  at  the  top  the  three  dots.  Compare  these  with 
the  letter  B  in  specimens  i  and  2,  which  were  made  on  a 
local  circuit.  The  dots  in  D,  F,  H  and  I  show  the  same 
difference,  also  the  dashes  where  they  succeed  each  other 
as  in  G — two  dashes  and  a  dot.  Now  vou  will  see  that  if 
the  cable  had  not  the  capacity  for  storing  electricity  the 
record  three  would  be  like  i  and  2,  plain  and  rapid. 

You  may  say  you  do  not  see  in  specimen  3  the  step-by- 
step  feature  referred  to  awhile  ago  as  resulting  from  suc- 
cessive dots  of  like  polarity.  It  is  because  the  cable  is  not 
a  very  long  one — less  than  900  miles — and  the  speed  at 
which  this  record  was  made  was  so  slow  as  to  allow  the 
siphon  to  drop  down  between  each  dot. 

I  will  call  your  attention  to  this  effect  again  in  specimen 
4,  sent  across  the  Atlantic.  This  is  the  alphabet  complete. 
B,  D,  H  and  I  show  what  sort  of  a  passage  the  poor  strug- 
gling dot  has  to  contend  with  coming  under  the  Atlantic.  If 
you  will  examine  this  closely,  you  will  see  the  original  line 
of  dots  in  some  places  where  the  tracing  pen  went  slightly 
to  one  side.  The  straight  line  at  the  end  is  the  horizontal 
or  neutral  line  made  by  the  recorder  when  there  was  no 
current  in  the  cable.  The  break-up  in  the  middle,  which 
looks  like  the  splutter  from  a  pen,  was  probably  caused  by 
a  jolt  of  the  table  or  a  jarring  of  the  floor.  All  the  other 
specimens  are  some  of  my  own  transmission  from  Duxbur}- 
to  St.  Pierre.  These  specimens  are  odds  and  ends,  picked 
up  after  the  best  specimens  had  been  distributed.  I  have 
a  number  of  specimens  pasted  in  my  book  collection  here, 
which  are  infinitely  better  than  those  shown  you.  Had  it 
been  possible  to  photograph  them  without  inking  them  over, 
I  would  have  done  so.  In  fact,  none  of  the  specimens 
shown  you  represent  the  best  adaptation  of  my  system  of 
transmission,  but  I  will  be  glad  to  show  those  interested 
cable  strips,  that  any  telegraph  operator  can  read,  sent  at 
twenty  to  thirty  words  per  minute. 
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Specimen  number  1 1  was  at  the  rate  of  thirteen  and  one- 
half  words  per  minute.  You  will  notice  a  great  difference 
between  the  dots  in  the  specimen  and  those  in  specimen  3, 
sent  by  the  present  system  from  St.  Pierre  to  Duxbury,  and 
at  a  speed  of  not  over  ten  words  per  minute.  Yoi:  can  judge 
•of  the  relative  difference  in  speeds  by  the  condensation  or  * 
•elongation  of  the  characters  on  the  strip.  The  paper  runs 
through  the  instrument  at  an  even  speed  always. 

Specimen  number  8  was  at  the  rate  of  eighteen  and  four- 
fifths  words  per  minute.  The  first  letter  is  G,  the  next  L. 
The  photograph  process  has  made  the  printed  letters  indis- 
.tinct. 

Specimen  26  was  at  the  rate  of  twenty-six  words  per 
minute.  This  specimen,  as  well  as  27,  are  according  to  the 
American  code.  The  pen-tracing  has  injured  them  badly. 
They  have  been  reduced  one-third  by  the  photograph. 

Owing  to  a  misunderstanding,  I  had  but  one-half  the 
battery  that  I  was  entitled  to  when  these  specimens  were 
made.  All  these  things  combined  is  the  cause  of  the  small 
undulations,  although  the  specimens  I  have  in  my  book  are 
very  plain,  even  number  27,  which  was  transmitted  by  a 
Western  Union  operator  who  could  not  send  a  word  by  the 
two-key  or  cable  system.  The  speed  of  this  27  specimen 
was  a  fraction  over  thirty-four  words  per  miinute.  You  will 
.see  that,  even  in  this  specimen,  the  dots  are  quite  as  distinct 
at  thirty-four  words  per  minute  as  they  are  in  specimen  3, 
at  ten  words  per  minute,  and  3  had  double  the  electro-motive 
force  behind  it  that  was  given  to  27. 

The  last  two  specimens,  those  without  numbers,  are 
^Qri&cV  facsimiles  of  my  best  work  between  Duxbiiry  and 
St.  Pierre.  Every  dot  is  carefully  reproduced.  The  first  of 
the  two,  "  Now  is  the  winter,"  etc.,  was  transmitted  at  the 
rate  of  twenty-two  and  one-fifth  words  per  minute,  five 
letters  to  a  word.  The  other,  at  the  rate  of  twenty  words 
per  miniite.  The  transmission  in  both  cases  was  made 
dirccl  to  the  cable,  not  through  condenser,  and  with  100 
microfarads  condenser  connected  to  the  intermediate  seg- 
ments for  the  purpose  of  neutralizing  the  static  discharge  in 
the  cable. 
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I  was  compelled  to  take  the  condenser  out  of  the  cable 
for  this  purpose,  it  being  the  only  one  available.  These,  as 
these  two  records  plainly  show,  were  by  far  the  best  condi- 
tions for  working-,  and  this  is  the  arrangement  with  which 
I  hope  to  work  the  Atlantic  cables  by  sound,  at  no  very 
distant  dav. 

A  study  of  these  specimens  will,  I  think,  show  conclu- 
sively the  difference  between  merely  breaking  the  circuit, 
depending  on  the  drop  in  the  potential  of  the  cable  for  the 
signal,  and  reversing  the  current  each  time  that  a  signal  is 
sent,  thus  drawing  the  siphon  to  the  other  side  of  the  hori- 
zontal line. 

I  wish  to  call  your  particular  attention  to  one  result 
obtained  between  Duxburv  and  St.  Pierre  with  my  system  of 
transmission,  of  which  I  have  no  wavy  tracing  to  show  you. 
It  was  not  that  kind  of  a  result.  I  sent  twenty  words  per 
minute  for  five  consecutive  minutes,  and  every  dot  and  dash 
were  receiv^ed  perfectlv  in  St.  Pierre  by  sound.  At  twentv- 
four  words  per  minute,  St.  Pierre  reported  the  work  a  trifle 
shaky,  but  the  gentleman  receiving  reported  that  he  had 
had  but  little  experience  in  adjusting  the  Brown  and  Allen 
relay,  which  was  connected  on  for  the  occasion.  I  am  confi- 
dent that  this  circuit  can  be  worked  perfectly  by  sound  at 
thirty  words  per  minute.  Repeated  efforts  during  the  past 
twelve  3rears  have  failed  to  get  more  than  three  or  four  words 
per  minute  over  this  cable  by  sound. 

If  you  will  now  take  up  the  diagram  of  the  transmitter 
and  connections  which  you  have,  you  will  find  no  diihculty 
in  following  me  while  I  explain  the  method  and  theory  of 
the  instrument.    (See  Fig.  5.) 

A  represents  a  receiver  at  the  distant  station.  An 
ordinary  polarized  relay  is  shown,  but  it  might  be  a  mirror 
instrument  or  a  Thomson  recorder,  both  of  which  have  been 
described,  or  any  other  receiver.  One  side  of  the  rela}'  is 
connected  to  earth.  To  the  otherside  is  connected  the  line 
L,  or  cable.  This  line  is  connected  to  the  revolving  trailer 
T  of  the  polarized  transmitter  PS.  The  trailer  is  carried  by 
the  spindle  of  star-wheel  C,  revolved  by  the  pallet  end  of  the 
armature  of  PS.     Cd  is  a  condenser  connected  to  the  plate 
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which  projects  between  the  segments  in  the  circle.  There 
are  two  sets  of  segments  e  and  f  in  the  circle  besides  the 
plate  segments.  Set  /  is  connected  to  insulated  contact  /' 
under  the  front  of  the  key.  Segments  c  are  connected  to  the 
insulated  contact  c'  at  the  other  end  of  the  key.  Contacts 
f'  and  £'■  are  connected  respectively  to  the  positive  and  nega- 
tive poles  of  a  main  transmitting  battery  MB,  which  is 
grounded  in  the  middle.  The  key  is  connected  to  the  polar- 
ized transmitter  PS,  thence  to  the  middle  of  local  battery 
SB,  the  ends  of  which  are  connected  to  the  contacts  c  and 
c'  under  the  back  and  front  ends  of  the  key.  As  everything 
now  stands,  the  cable  is  entirely  disconnected.  The  opera- 
tion is  as  follows :  If  the  key  K  be  pressed  down  the  posi- 
tive pole  of  battery  MB  is  connected  to  the  cable  throug^h 
contacts  /-  and  /'  and  segment  /,  upon  which  the  trailer  is 
resting.  When  the  key  reaches  contact  c' ,  which  is  its 
limiting  stop,  the  local  circuit  of  magnet  PS  is  closed  and 
the  armature  thrown  to  the  right,  which  moves  the  trailer 
off  of  segment  /  and  breaks  the  connection  between  the 
cable  and  the  main  battery.  Now,  then,  if  you  will  look 
closely,  you  will  see  that  the  trailing  finger' is  slanting,  so 
that  it  bridges  segment  /  and  the  intermediate  or  plate  seg- 
ment connected  to  the  condenser  while  it  is  passing  from 
segment/  to  the  next  segment,  above  which  is  one  of  the  c 
set,  and  in  doing  so  connects  the  positive  pole  of  the  main 
batter}'  MB  to  the  condenser,  thereby  charging  it.  When 
the  trailer  leaves  segment  /  and  touches  only  the  condenser 
segment,  the  charge  which  the  condenser  received,  while  the 
trailer  bridged  the  two  segments  is  sent  into  the  cable  and 
meets  and  neutralizes  the  static  discharge  created  by  the 
impulse  which  went  into  the  cable  when  the  key  was  closed 
and  the  trailer  was  on  segment  _/".  The  trailer  does  not  stop 
on  the  condenser  segment,  but  passes  over  in  one  movement 
of  the  armature  of  PS  to  the  next  segment  group,  which  is 
connected  to  the  contact  e'  at  the  back  of  the  key. 

Now,  if  the  key  be  raised  the  negative  pole  of  the  main 
battery  MB  is  connected  to  the  cable  through  contacts  e^  e' , 
segment  c  and  the  trailer.  Immediately  that  the  key  reaches 
its  limit,  contact  c,  the  local  battery  SB  is  reversed  through 
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PS,  and  the  armature  moved  to  the  left  again,  which 
terminates  the  contact  of  the  negative  pole  of  the  battery 
with  the  cable,  charges  the  condenser  and  discharges  it  into 
the  cable  as  before,  thus  neutralizing  the  static  discharge 
coming  out  of  the  cable  from  the  negative  impulse  sent  in. 
In  this  way,  signalling  impulses  of  alternative  polarity  are 
sent  into  the  cable  and  discharge  impulses  from  the  con- 
denser neutralizes  the  static  charge  in  the  cable.  The  force 
of  the  condenser  discharge  may  be  adjusted  to  the  capacity 
of  the  cable  bv  the  use  of  resistance  in  the  condenser  circuit. 
You  will  observe  that  the  duration  of  the  contact  of  the 
cable  with  the  main  battery  is  determined  by  the  time  /',  f 
or  c'  (^  come  together  in  advance  of  the  local  contacts  c',(r, 
which  reverse  the  circuit  of  the  transmitter  PS,  plus  the 
time  required  for  the  trailer  to  pass  off  of  the  segment.  This 
time  may  be  lengthened  or  shortened,  within  limits,  by 
adjusting  the  key  contacts.  I  have,  however,  a  plan  for 
lengftheninsf  the  duration  of  contacts,  which  affords  a  much 
wider  range,  and  by  which  the  impulses  may  be  adapted  to 
any  length  of  cable. 


THE    DEL.'^NV    LINE    ADJUSTER. 

I  have  kept  you  so  long  already,  I  hesitate  to  claim  your 
attention  further.  But  I  have  something  here  which  comes 
nearer  home  to  all  of  us  than  cable  telegraphy,  and  which  is 
of  the  first  importance  in  land  telegraphv,  more  especially 
on  railways.  Indeed,  I  think  it  promises  to  become  as  use- 
ful to  the  telegraph  line  as  the  air-brake  is  to  the  train.  It 
requires  but  little  explanation,  as  I  have  the  sj-stem  set  up, 
so  that  it  can  speak  for  itself.  The  apparatus  is  known  as 
the  Line  Adjuster.  This  is  a  comprehensive  title  to  tele- 
graphers. Relay  adjuster  would  be  more  correct,  but  as  it 
keeps  all  the  instruments  on  the  line  in  adjustment,  I  have 
given  it  the  broader  name  of  "Line  Adjuster." 

I  presume  that  nearly  everybody  knows  that  land  tele- 
graphs work  much  better  in  dry  weather  than  in  wet. 
Every  one  here  must  be  electrician  enough  to  appreciate  this 
one  fact,  after  all  they  have  heard  this  evening  about  the 
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current  running  down  the  poles.  A  little  loss,  as  I  have  told 
you,  is  a  good  thing,  but  a  rainy  day  is  too  much  of  a  good 
thing  for  the  telegraphs,  as  it  robs  the  wires  of  too  much 
current.  In  such  weather  the  instruments  need  careful 
adjustment.  Kx.  way  stations  the  operators  are  not  usually 
as  proficient  in  this  regard  as  they  might  be.  Their  instru- 
ments being  out  of  adjustment,  they  do  not  hear  other 
stations  calling  them,  and  if  thev  have  a  message  to  send, 
they  "break  in  "  on  the  work  going  on  over  the  line,  calling 
away  and  not  hearing  the  answer.  How  often  have  we  been 
forced  to  listen  for  an  hour  at  a  time  to  uninteresting  con- 
versations going  on  between  two  oblivious  youngsters,  while 
life  and  death  messages  hung  on  the  hooks,  waiting  for 
them  to  finish  or  adjust  their  instruments?  I  will  not  ask 
how  often  we  have  been  there  ourselves,  for  we  have  the 
floor,  but  all  must  admit  that  interference  and  failure  from 
causes  of  this  kind  are  the  loudest  crying  evils  of  telegraphy. 
This  adjusting  system  will  do  away  with  the  difficulty 
thoroughly,  for,  so  long  as  the  terminal  stations  are  adjusted, 
all  the  intermediate  instruments  must  respond.  Hei^e  we 
have  an  excellent  diagram  of  a  line  between  Philadelphia 
and  New  York,  with  Trenton  and  New  Brunswick  shown  as 
waj'  stations.  There  are,  I  suppose,  forty  telegraph  stations 
between  Philadelphia  and  New  York.  So  many  instruments 
in  a  line  make  it  work  badly.  Now,  if  a  rain-storm  comes 
lip,  the  current  from  the  main  batteries  at  Philadelphia  and 
New  York  runs  down  the  poles  to  ground.  If  the  rain  made 
a  perfect  earth  connection,  instead  of  a  partial  one,  of  course 
Philadelphia  could  work  with  no  one  beyond  the  point  at 
which  the  line  was  wholly  grounded.  If  we  should  run  a 
wire  from  line  to  earth  between  Trenton  and  New  Bruns- 
wick, Philadelphia  and  Trenton  could  communicate  with 
each  other,  but  could  not  reach  New  Brunswick  or  New 
York.  In  the  same  way,  in  bad  weather,  a  station  near 
Philadelphia — Frankford,  for  instance — will  have  no  diffi- 
culty in  working  with  Philadelphia,  but,  owing  to  the  partial 
ground  connection  beyond  him,  he  cannot  get  Trenton,  New 
Brunswick  or  any  other  station  so  well.  It  might  be  that, 
although  adjusted   for  Philadelphia,  his  instrument  would 
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remain  silent  when  New  York  was  working.  If  he  adjusted 
his  instrument  properly,  so  as  to  get  New  York,  he  could 
also  work  with  Philadelphia  on  the  same  adjustment,  but 
operators  do  not  always  exercise  this  discretion. 

Now  it  is  just  here  where  this  adjuster  comes  in  and 
insures  against  the  carelessness  or  inefficiency  of  the 
operator.  After  going  over  the  diagram  on  the  paper,  I  will 
create  an  artificial  rain-storm  between  Trenton  and  New 
Brunswick,  and  prove  to  you  that  this  little  instrument 
keeps  things  straight  all  along  the  line.  Please  look  at 
the  diagram,  Fig.  6.  The  instrument  A  is  the  adjuster. 
It  is  the  only  addition  to  the  usual  outfit.  The  key  K,  at 
Philadelphia,  is  down,  or  closed.  The  main  battery  goes  to 
the  segment  plate  upon  which  the  trailer  is  resting,  through 
the  trailer  to  the  relay,  and  thence  on  through  the  instrument 
at  Trenton  and  New  Brunswick  to  the  New  York  relay,  to  the 
segment  of  his  adjuster,  through  the  trailer  to  the  key  iv  and 
main  battery  to  earth.  Here  we  have  a  closed  circuit.  Now 
ordinarily  when  Philadelphia  wishes  to  send  to  New  Bruns- 
wick, or  any  other  station,  he  begins  by  opening  his  key, 
thus  disconnecting  his  battery  from  the  line.  This  causes 
all  the  relays  and  sounders  on  the  line  to  respond  if  they 
are  adjusted,  but  if  it  be  a  bad  day,  and  there  be  considera- 
ble connection  to  ground  down  the  poles.  New  York's 
batter\'  being  still  connected  to  the  line,  finds  its  way  to  the 
ground  all  the  way  to  Philadelphia  and  makes  a  circiiit  for 
the  instruments  at  New  Brunswick  and  other  stations  along 
the  road  almost  as  strong  as  before  the  withdrawal  of 
Philadelphia's  battery,  consequently  New  Brunswick's  instru- 
ment reiuains  silent  and  the  operator  does  not  hear  Phila- 
delphia call  him,  or  Philadelphia  may  be  sending  to  Trenton 
or  New  York,  but  New  Brun.swick  thinking  the  lines  free 
may  call  Philadelphia  and  abuse  him  for  not  answering 
calls  promptly.  This  is  what  is  happening  every  rainy  day 
all  over  the  country,  but  it  cannot  happen  under  the  organ- 
ization before  you,  for  when  Philadelphia  opens  his  key  he 
not  only  takes  his  own  batter}^  off,  but  if  New  York  be 
adjusted,  the  battery  at  that  end  is  disconnected  also,  only 
for  an  instant,  but  sufficient  for  the  purpose,  as  the  line  is  left 
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with  absolutely  no  cutTent  for  a  moment,  during  which  every 
relay  on  the  line  must  respond.  I  will  not  attempt  a 
detailed  description  of  the  operation.  It  is  not  necessary. 
You  see  that  when  I  put  in  a  partial  earth  connection  between 
Trenton  and  New  Brtmswick,  and  with  the  adjuster  at  New 
York  made  inoperative  by  throwing  the  switch  over  to  the 
left,  New  Brunswick's  instrument  does  not  respond  to  Phila- 
delphia's call  as  it  did  before  the  rain-storm  began.  Trenton 
gets  Philadelphia  all  right,  because  he  is  between  Phila- 
delphia and  the  storm.  New  York  gets  Philadelphia 
because  his  instrument  is  adjusted.  If  New  Brunswick 
would  pull  up  on  his  relay  spying  he  would  hear  Philadel- 
phia also,  but  he  hears  New  York  and  imagines  he  is  all 
right.  Besides,  he  heard  Philadelphia  before  the  rain  soaked 
the  poles  and  covered  the  insulators  with  a  sheet  of  water. 
Now  I  will  throw  the  switch  of  New  York  adjuster  over  to 
the  right.  Let  us  see  what  effect  it  has  on  New  Brunswick. 
You  see  his  instrument  works  now  all  clear  and  will  con- 
tinue to  do  so  no  matter  how  hard  it  rains,  so  will  all  the 
instruments  on  the  line.  There  will  be  no  more  interfer- 
ence and  no  more  calling  a  station  for  hours  at  a  time.  If 
an  operator  breaks  in  or  fails  to  answer  promptly  he  can't 
say  that  his  instrument  was  out  of  adjustment.  The 
adjuster  says  no. 

I  have  talked  so  long,  I  will  say  a  word  to  you  with  my 
fingers  on  the  electric  light  bulletin.  The  simplest  tele- 
graph in  the  world.  Everybody  can  send  and  receive,  and 
if  the  letters  on  the  transparency  be  large  enough, 
announcements  may  be  read  a  mile  away. 

There  is  an  electric  lamp  behind  each  letter,  and  all  the 
operator  has  to  do  is  to  press  the  button  of  each  lamp  on 
this  little  keyboard.  This  will  be  a  great  scheme  for  adver- 
tising, giving  election  returns,  etc. 

I  thank  you  sincerely  for  your  patient  attention. 
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PROCEEDINQS 


Cheivtical   Section, 


Kkanklin    I.nstixute. 


{Stated  Meeting,    held  at    the    Institute,    Tuesday,  June    18, 

iSSq.] 

Hall  of  thf.  Franklin  Institutf., 
Philadelphia.  June  18,  1889. 
Mr.  H.  Pf-MBERTON,  Jr.,  President,  in  the  Chair. 

Members  present:  Dr.  S.  C.  Hooker,  Dr  \Vm.  H.  Wahl,  Prof.  S.  P. 
Sadtler,  Dr.  L.  B.  Hall,  Mr.  Reuben  Haines,  Mr.  \Vm.  H.  Bower.  Mr.  Fred.  E. 
Ives,  Prof.  E.  F.  Smith,  Mr.  W.  L.  Rowland,  Dr.  H.  W.  Jayne,  Mr.  Lee  K. 
Frankel,  Prof.  N.  Wiley  Thomas,  Dr.  Wm.  H.  Greene.  Prof.  R.  L.  Chase, 
Mr.  J.  H.  Eastwick,  Mr.  A.  T.  Eastwick,  Mr.  A.  W.  Allen,  Dr.  Geo.  A. 
Koenig,  Mr.  W.  W.  McFarlane.  Mr.  W.  D.  Weikel.  Dr.  Wm.  C.  Day  and 
two  visitors. 

The  President  read  a  letter  from  Mr.  M.  Carey  Lea,  transmitting  specimens 
of  the  various  allotropic  modifications  of  silver  obtained  by  him,  and  stating 
that  absence  from  the  city  prevented  his  attendance  upon  the  meeting. 

The  President  presented  a  letter  from  Prof.  F.  W.  Clarke  to  Dr.  Greene 
giving  information  in  regard  to  the  proposed  foimation  of  a  National 
Chemical  Society.  He  also  read  a  copy  of  a  letter  from  Professor  Remsen  to 
Prof.  A.  B.  Prescott,  reporting  unfavorably  upon  the  suggestion  to  make  the 
American  Ctiemtcat Journat  X\ie  organ  of  the  proposed  National  Society. 

.■\fter  some  discussion  it  was  voted  that  Dr.  L.  B.  Hall  and  Dr.  Geo.  A. 
Koenig  be  appointed  delegates  to  represent  the  Section  at  the  next  meetm^^ 
of  the  American  Association  for  the  Advancement  of  Science,  upon  the  ques- 
tion of  the  formation  of  a  National  Chemical  Society.  Further  consideration 
of  the  subject  at  present  was,  on  motion,  tabled. 

Dr.  Hooker  read  his  monthly  report  on  the  Philadelphia  Water  Supply. 
The  report  contained  facts  of  much  importance  and  interest,  from  the  sani- 
tary standpoint,  particularly  with  reference  to  the  Kensington  pumping 
station,  which  draws  its  supply  from  the  Delaware  River.  The  paper  was 
referred  for  publication.     It  concluded  with  a  resolution  recommending  the 
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condemnation  of  the  Kensington  station   by  the  Franklin  Institute;  the 
motion  to  adopt  this  resolution  was  carried  by  the  Section. 

Mr.  Fred.  E.  Ives  then  exhibited  on  the  screen,  with  the  projecting  micro- 
scope, specimens  of  various  crystalline  substances  under  the  influence  of 
polarized  light. 

The  President  then  read  an  abstract  of  Mr.  M.  Carey  Lea's  paper  on  allo- 
tropic  forms  of  silver  and  exhibited,  specimens  of  the  various  modifications. 
The  subject  was  received  with  much  interest  by  the  Section. 

Dr.  Smith  and  Mr.  Frankel  presented  a  paper  on  "  Electrolytic  Sepa- 
rations," which  was  referred  for  publication. 

Dr.  Greene  read  a  letter  from  E.  Paterno  in  regard  to  lapachic  acid  and 
its  derivatives.     It  was  referred  for  publication. 

Adjourned. 

W.M.  C.  X).\y ,  Secretary. 

Errai'um  (to  minutes  of  April  meeting) :  The  following  gentlemen  were 
elected  members  of  the  Section  at  the  April  meeting ;  a  statement  of  their 
election  was  inadvertently  omitted  in  the  minutes  of  that  meeting  :  Dr.  L.  I. 
Morris,  Dr.  Persifor  P'razer,  Mr.  Fred.  E.  Ives,  Mr.  Theodore  D.  Rand. 


On   THE    PREPARATION    and    PROPERTIES    ok 
METALLIC    MANGANESE. 


By  Chas.  Bullock. 


[  Read  at  the  Stated  Meeting  of  the  Chemical  Section,  May  3i,  :S8g.'\ 

The  properties  of  manganese,  like  those  of  iron,  appear 
to  differ  according  to  the  method  used  in  the  reduction  of 
the  metal.  When  obtained  from  the  oxide  by  heating  with 
carbon,  most  authorities  agree  in  the  statement  that  the 
metal  oxidizes  so  readily  in  the  air  that  it  can  be  preserved 
only  under  "rock  oil,"  or  in  well  sealed  vessels.  In  water  it 
is  said  to  "  oxidize  rapidly,  with  evolution  of  hydrogen,  and 
crumbles  into  a  dark  gray  powder." 

Cast  manganese  containing  eight  per  cent,  of  iron  is  said 
to  be  unalterable  in  the  air. 

In  the  year  1869,  some  manganese  prepared  by  me  after 
the  process  of  Brunner  (the  reduction  of  the  chloride  mixed 
with  fluorspar,  by  means  of  sodium)  was  found  to  have  as 
little  tendency  to  oxidation  as  iron. 
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Repeating  recently  this  process,  pure  chloride  of  man- 
ganese was  fused  in  a  clav  crucible  and  poured  on  a  stone 
slab,  when  cold  it  was  pulverized  and  mixed  with  an  equal 
weight  of  powdered  fluorspar.  This  mixture,  divided  into 
portions  of  one  ounce,  was  introduced  into  a  French  clay 
crucible,  previously  heated  to  redness.  Eighty  grains  of 
sodium,  cut  into  small  pieces  and  freed  from  naphtha,  beings 
added  to  each  portion,  the  crucible  was  covered,  and  reaction 
allowed  to  take  place  before  adding  another  charge.  After 
six  ounces  of  the  mixture  had  been  added,  the  contents 
of  the  crucible  was  covered  with  fused  chloride  of  sodium 
in  powder,  the  cover  replaced  and  the  heat  carried  to  quiet 
fusion.  After  the  flux  became  entirely  fluid,  the  heat  wa.& 
continued  for  ten  minutes.  The  crucible  was  then  removed 
from  the  fire,  and  after  cooling  the  metal  was  found  as  a 
button  at  the  bottom. 

Three  crucibles,  of  the  capacity  of  eight  fluid  ounces  each, 
were  used  at  a  time  in  a  furnace  without  artificial  blast. 
Care  is  necessary  not  to  urge  the  heat  too  high,  otherwise 
the  crucibles  will  not  resist  the  action  of  the  fluorspar  flux. 
The  French  clay  crucibles  were  used  on  account  of  their 
greater  freedom  from  iron  and  silica;  they  also  resist  the 
fliTX  better  than  the  Hessian,  black  lead  or  iron  crucibles. 

The  yield  of  manganese  under  favorable  circumstances, 
was  about  twenty  per  cent,  of  the  chloride  used. 

Reduction  was  also  tried  by  using  fused  chloride  of 
sodium  without  fluorspar,  the  yield  of  metal  was  much  less 
and  differing  in  some  of  its  properties  from  that  obtained 
with  the  use  of  fluorspar.  Manganate  of  soda  was  formed 
when  sodium  chloride  alone  was  used  as  a  flux. 

Manganese  thus  obtained  is  very  brittle,  with  a  steel  white 
fracture,  so  hard  that  a  file  will  scarcely  touch  it,  the  edges, 
of  the  fractures  scratch,  and  almost  cut,  glass. 

The  metal  retains  the  brightness  of  a  fractured  surface 
after  prolonged  exposure  to  the  air,  and  appears  not  more 
disposed  to  oxidation  than  iron.  It  is  entirely  passive  to 
magnetic  attraction. 

The  specific  gravity  of  the  metal  obtained  when  fluor- 
spar was  used  was  7'072,  when  re-melted  under  fused  sodium 
chloride,  the  sp.  gr.  rose  to  j'lss. 
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On  the  present  CONDITION  ok  the  PHILA- 
DELPHIA WATER  SUPPLY.     THIRD 
MONTHLY  REPORT. 


By  Samuel  C.  Hooker,  Ph.D. 


I  Kaid  at  tlie  Stated  M<eting  of  the  Chemicat  Section,  June  iS,  iSSg.'] 

In  my  la.st  report  presented  to  the  Section,  a  month  ago, 
I  recommended  that  the  Kensington  pumping  station  be 
dismantled.  I  did  not,  however,  deal  with  the  Kensington 
supply  as  fully  as  I  now  propose  to  do,  as  there  appeared  to 
be  a  reasonable  hope  that  this  station  would  only  be  resorted 
to  in  the  immediate  future  in  the  event  of  an  une.xpected 
break-down  occurring  at  one  or  other  of  the  stations  on  the 
Schuylkill. 

This  hope,  which  was  based  upon  statements  emanating 
from  the  Department  of  Public  Works,  has,  however,  been 
shattered  during  the  past  month,  and  the  importance  of  the 
subject  is  so  great  that  I  feel  I  cannot  do  better  than  devote 
this  report  entirely  to  its  consideration. 

I  wish  it,  at  the  outset,  to  be  distinctly  under.stood  that 
whatever  is  said  in  this  report  refers  exclusively  to  the 
water  drawn  from  the  Delaware  at  the  Kensington  station, 
and  does  not  have  any  bearing  whatever  upon  the  city 
supply  as  a  whole.  While  I  shall  presently  speak  strongly 
against  the  water  pumps  at  the  Kensington  Works,  the 
experience  of  the  past  month  has  strengthened  the  fairly 
favorable  conclusion  to  which  I  had  previously  come  and 
which  has  been  already  expressed  in  my  last  two  reports, 
regarding  the  actual  quality,  aside  from  muddiness,  of  the 
Schuylkill  water,  which,  as  is  well  known,  forms  the  bulk  of 
the  city  supply. 

The  Kensington  district  is  at  present  supplied  from  the 
Delaware  at  Kensington,  from  the  Delaware  at  Lardner's 
Point,  and  from  the  Schuylkill. 

Two  thirty-inch  mains,  the  one  conveying  water  from  the 
Wentz  Farm  reservoir,  the  other  from  the  Schuylkill,  make 
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connection  with  the  Lehigh  basin,  which  supplies  the  dis- 
trict. The  Kensington  pump  also  discharges  into  the  Lehigh 
basin. 

In  spite  of  all  efforts  which  can  be  made  by  the  Water 
Department,  under  existing  circumstances,  the  water  carried 
through  the  two  mains  just  referred  to,  from  the  Schuylkill 
and  from  the  Wentz  Farm  basin,  is  not  sufficient  for  the 
requirements  of  the  neighborhood,  and  consequently  the  level 
in  the  Lehigh  basin  gradually  sinks,  pressure  diminishes, 
and  finally  complaint  of  short  supply  reaches  the  Depart- 
ment. Nothing  remains  but  to  start  up  the  pump  at  Ken- 
sington, and  to  continue  drawing  water  from  the  Delaware 
until  the  reservoir  is  again  filled.  I  thoroughly  believe  that 
the  necessity  of  abandoning  the  Kensington  .station  is  fully 
realized  by  the  Chief  Engineer  of  the  Water  Department, 
but  he  is  powerless  to  cause  this  to  be  done  until  some 
adequate  provision  is  made  for  meeting  the  requirements 
of  the  district. 

The  bulk  of  the  water  drawn  at  the  Kensington  Works 
is  supplied  to  the  sixteenth,  seventeenth,  eighteenth,  nine- 
teenth and  thirty-first  wards.  This  district,  as  is  well  known^ 
is  the  unhealthiest  portion  of  the  city.  That  the  water  is 
in  a  great  measure  responsible,  there  can  be  no  dottbt ;  to 
say  that  it  is  entirely  responsible,  might  possibly  be  stating, 
the  case  too  stronglv.  "* 

It  is  proposed  to  carry  a  forty-eight-inch  main  from  the 
Schuylkill,  in  place  of  the  thirty-inch  main'now  existing,  but 
this  cannot  be  done  without  money,  and  until  the  sum_ 
necessary  for  this  purpose  is  appropriated,  pumping  from 
the  Delaware  at  Kensington  must  continue  to  a  greater  or 
less  extent. 

For  years  past  the  money  which  has  been  placed  at  the 
disposal  of  the  Department  has  been  very  far  short  of  that 
required  for  its  imperative  needs,  and  this  state  of  affairs 
promises  to  continue  unless  some  action  is  taken  by  the 
general  public  in  asserting  its  rights  and  insisting  that  they 
shall  be  respected. 

Whatever  difference  of  opinion  may  exist  regarding  the 
wholesomeness  of  the  Schuylkill,   there  is  absolutelv  none 
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possible  regarding  that  of  the  Delaware  at  Kensington,  and  it 
cannot  be  too  strongly  insisted  that  this  foul,  sewage-polluted 
water  shall  be  no  longer  used  for  city  supply,,  even  though 
its  poisonous  and  filthy  character  is  partially  or  entirely  dis- 
guised by  admixture  with  large  volumes  of  water  from  the 
Schuylkill  and  from  Lardner's  Point. 

It  is  simply  impossible  for  the  sewage  discharged  into 
the  Delaware,  in  the  neighborhood  of  the  Kensington 
Works,  to  be  in  any  degree  purified  before  it  is  taken  up  by 
the  pump  and  distributed  to  the  helpless  population  of  the 
sixteenth,  seventeenth,  eighteenth,  nineteenth  and  thirty- 
first  wards.  What  wonder,  then,  that  the  Kensington  district 
is  a  ve'ry  hot-bed  of  disease  in  this  city? 

For  nearly  thirty  years,  this  water  from  the  Delaware  at 
Kensington  has  been  repeatedly  condemned  as  ntifit  for  use 
by  Health  Boards,  by  the  engineers  of  the  Water  Depart- 
ment, by  the  experts  who  have  examined  into  the  matter, 
by  every  one,  in  fact,  whose  scientific  knowledge  has  been 
sufficient  to  enable  a  clear  estimate  to  be  formed  of  the 
danger  of  supplying  this  sewage-saturated  water  to  the 
community.  Common  sense  rebels  against  it,  the  records 
of  the  Health  Office  silently  protest  against  it,  and  yet  for 
thirty  years  this  pumping  from  the  Delaware  at  Kensington, 
from  a  station  which  ought  never  to  have  been  established, 
has  been  continued. 

For  a  great  number  of  years  it  has  been  the  purpose  of 
the  various  administrations  of  the  city  to  abandon  the 
Kensington  Works,  and  it  may  be  well  to  inquire  how  it 
happens  that  in  spite  of  such  good  intentions  these  works 
still  exist.  The  recommendations  suggested  by  the  various 
engineers  of  the  Water  Department,  if  carried  out  promptly 
at  the  time  they  were  made,  unquestionably  would  have 
enabled  the  Kensington  station  to  fall  into  disuse,  but 
unfortunately  they  were  allowed  to  remain  so  long  unacted 
upon,  that  when  finally  put  into  effect,  instead  of  being 
able  to  supplant  the  Delaware  supply  for  which  they  were 
originally  devised,  they  were  only  able  to  meet  the  addi- 
tional requirements  of  the  district,  due  to  its  growth  in  the 
meantime. 
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It  has  been  argued  that  the  quantity  of  water  pumped  at 
Kensington  is  insignificantly  small  compared  with  the  total 
supply  of  the  city.  So  much  the  better;  but  instead  of  being 
a  good  reason  for  the  water  to  be  tolerated,  it  makes  substi- 
tution of  better  water  all  the  easier,  and  therefore  all 
the  more  to  be  insisted  upon. 

Let  me  now  refer  to  a  few  extracts  from  the  reports  of 
the  Board  of  Health.  The  first  is  taken  from  the  report 
for  the  year  1862,  p.  13  : 

'One  of  the  most  serious  and  aggravated  nuisances  which 
has  attracted  the  attention  of  the  Board  was  the  water 
supplied  by  the  Kensington  Works.  After  a  careful 
investigation,  based  upon  personal  observation,  as  well  as 
the  experience  of  several  physicians  practising,  and  the 
analysis  of  a  practical  chemist,  the  Board,  in  May  last, 
declared  the  water  therefrom  furnished  to  be  a  nuisance, 
prejudicial  to  public  health,  and  so  notified  Councils. 
*  *  *  \Vc  are  of  tlic  opinioH  that  the  only  permanent  remedy 
ivill  be  the  total  abandonment  of  the  Kensington  Works." 

In  the  report  of  the  Board  of  Health  for  1866,  p.  10,  occurs 
the  following : 

"  All  things  considered  [the  water]  is  a  sanitary  evil  of  so 
dangerous  a  nature  to  the  health  of  the  inhabitants  of  those  wards 
through  which  it  is  distributed,  as  to  demand  at  the  hands  of 
Councils  its  immediate  disuse. "  ( The  Chief  Engineer,  after  an 
allusion  to  the  alterations  since  made,  says  :  "  I  regard  it  as 
certain  that  the  supplying  of  pure,  or  in  any  considerable  degree 
suitable,  water,  for  domestic  purposes,  from  the  river  Delazvare  at 
the  location  of  the  Kensington  Water  Works,  is  impossible.") 

"  Notwithstanding  the  improvement  in  the  induction  pas- 
sage from  the  river  to  the  pumps  there  has  been  no 
improvement  in  the  water  itself,  nor  can  there  ever  be  whilst 
the  present  supply  of  Kensington  water  is  derived  from  the 
river  Delaware  at  the  present  location.  It  will  be  evident 
to  every  disinterested  visitor  to  the  Kensington  Water 
Works  that  a  supply  of  pure  water  is  impossible.  The 
sewers  opening  into  the  river  Delaware  discharge  their  con- 
tents at  a  rate  of  an  average  of  about  13,000,000  gallons 
dailv,    which    necessarily    includes    every    description    of 
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possible  regarding  that  of  the  Delaware  at  Kensington,  and  it 
cannot  be  too  strongly  insisted  that  this  foul,  sewage-polluted 
water  shall  be  no  longer  used  for  city  supply,,  even  though 
its  poisonous  and  filthy  character  is  partially  or  entirely  dis- 
guised by  admixture  with  large  volumes  of,water  from  the 
Schuylkill  and  from  Lardner's  Point. 

It  is  simply  impossible  for  the  sewage  discharged  into 
the  Delaware,  in  the  neighborhood  of  the  Kensington 
Works,  to  be  in  any  degree  puriiied  before  it  is  taken  up  by 
the  pump  and  distributed  to  the  helpless  population  of  the 
sixteenth,  seventeenth,  eighteenth,  nineteenth  and  thirty- 
first  wards.  What  wonder,  then,  that  the  Kensington  district 
is  a  very  hot-bed  of  disease  in  this  city? 

For  nearly  thirty  years,  this  water  from  the  Delaware  at 
Kensington  has  been  repeatedly  condemned  as  unfit  for  ttsc 
by  Health  Boards,  by  the  engineers  of  the  Water  Depart- 
ment, by  the  experts  who  have  examined  into  the  matter, 
by  every  one,  in  fact,  whose  scientific  knowledge  has  been 
sufficient  to  enable  a  clear  estimate  to  be  formed  of  the 
danger  of  supplying  this  sewage-saturated  water  to  the 
community.  Common  sense  rebels  against  it,  the  records 
of  the  Health  Office  silently  protest  against  it,  and  yet  for 
thirty  years  this  pumping  from  the  Delaware  at  Kensington, 
from  a  station  which  ought  never  to  have  been  established, 
has  been  continued. 

For  a  great  number  of  years  it  has  been  the  purpose  of 
the  various  administrations  of  the  city  to  abandon  the 
Kensington  Works,  and  it  may  be  well  to  inquire  how  it 
happens  that  in  spite  of  such  good  intentions  these  works 
still  exist.  The  recommendations  suggested  by  the  various 
engineers  of  the  Water  Department,  if  carried  out  promptly 
at  the  time  they  were  made,  unquestionably  would  have 
enabled  the  Kensington  station  to  fall  into  disuse,  but 
unfortunately  they  were  allowed  to  remain  so  long  Unacted 
upon,  that  when  finally  put  into  effect,  instead  of  being 
able  to  supplant  the  Delaware  supply  for  which  they  were 
originally  devised,  they  were  only  able  to  meet  the  addi- 
tional requirements  of  the  district,  due  to  its  growth  in  the 
meantime. 
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It  has  been  argued  that  the  quantity  of  water  pumped  at 
Kensington  is  insignificantly  small  compared  with  the  total 
supph'of  the  city.  So  much  the  better;  but  instead  of  being 
a  good  reason  for  the  water  to  be  tolerated,  it  makes  substi- 
tution of  better  water  all  the  easier,  and  therefore  all 
the  more  to  be  insisted  upon. 

Let  me  now  refer  to  a  few  extracts  from  the  reports  of 
the  Board  of  Health.  The  first  is  taken  from  the  report 
for  the  year  1862,  p.  13  : 

'One  of  the  most  serious  and  aggravated  nuisances  which 
has  attracted  the  attention  of  the  Board  was  the  water 
supplied  by  the  Kensington  Works.  After  a  careful 
investigation,  based  upon  personal  observation,  as  well  as 
the  experience  of  several  physicians  practising,  and  the 
analysis  of  a  practical  chemist,  the  Board,  in  May  last, 
declared  the  water  therefrom  furnished  to  be  a  nuisance, 
prejudicial  to  public  health,  and  so  notified  Councils. 
*  *  *  We  are  of  tJic  opinion  that  the  only  permanent  remedy 
zfill  be  the  total  abandonment  of  the  Kensington  W^orks." 

In  the  report  of  the  Board  of  Health  for  1866,  p.  10,  occurs 
the  following : 

"  All  things  considered  [the  water]  is  a  sanitary  evil  of  so 
dangerous  a  nature  to  the  health  of  the  inhabitants  of  those  icards 
through  lohich  it  is  distributed,  as  to  demand  at  the  hands  of 
Councils  its  immediate  disuse. "  (The  Chief  Engineer,  after  an 
allusion  to  the  alterations  since  made,  sa3^s  :  "'  I  regard  it  as 
certain  that  the  supplying  of  pure,  or  in  any  considerable  degree 
suitable,  water,  for  domestic  purposes,  from  the  river  Delaivare  at 
the  location  of  the  Kensington  Water  Works,  is  impossible." ) 

"  Notwithstanding  the  improvement  in  the  induction  pas- 
sage from  the  river  to  the  pumps  there  has  been  no 
improvement  in  the  water  itself,  nor  can  there  ever  be  whilst 
the  present  supply  of  Kensington  water  is  derived  from  the 
river  Delaware  at  the  present  location.  It  will  be  evident 
to  every  disinterested  visitor  to  the  Kensington  Water 
Works  that  a  supply  of  pure  water  is  impossible.  The 
sewers  opening  into  the  river  Delaware  discharge  their  con- 
tents at  a  rate  of  an  average  of  about  13,000,000  gallons 
daily,    which    necessarily    includes    every    description    of 
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impure  and  refuse  matter  from  the  city,  and  of  late  years 
this  impurity  is  much  increased  by  the  construction  and 
connection  of  numerous  water-closets  with  the  sewers,  from 
both  public  and  private  dwellings.  A  further  deterioration 
necessarily  occurs  from  the  emptying  of  Gunner's  Run  and 
Cohocksink  Greek  into  the  Delaware,  together  with  the  large 
amount  of  human  and  other  offal  deposited  in  the  river  at 
Richmond.     "■•     *     * 

"  The  action  of  the  tides,  the  movements  of  steamboats 
and  the  general  traffic  on  the  river,  keep  in  suspense  and 
carry  a  large  portion  of  the  impurities  from  the  sewers 
from  Gunner's  Ri:n  and  the  Cohocksink  Creek  far  beyond 
the  present  mouth  of  the  induction  tube  at  the  end  of  the 
■wharf.  *  *  *  When  we  know  from  our  bills  of  weekly 
•mortality  that  out  of  277  deaths  from  cliolera  Asiatica,  132 
{or  47  per  cent.)  have  occurred  in  those  wards  supplied  with 
the  Kensington  Delaware  water,  we  think  we  shall  be  borne 
out  in  the  opinion  that  the  prevalence  of  the  disease  in  those 
districts  is  not  only  occasioned  by  the  use  of  the  water  as  a 
prominent  cause,  but  that  it  is  so  deteriorated  in  quality  as 
to  make  it  unfit  for  domestic  purposes,  dangerous  to  health 
and  life,  and  therefore  your  committee  would  declare  it  to 
be  a  nuisance  prejudicial  to  health,  and  would  offer  the 
following : 

"  Rcso/7'c//.  That  the  Kensington  water  supply  as  taken 
from  the  Delaware  is  a  nuisance  prejudicial  to  public  health, 
and  that  Councils  be  urged  by  this  Board  to  discontinue  the 
supply  at  the  earliest  practicable  moment,  as  the  only  remedy 
for  the  removal  of  the  nuisance  and  the  protection  of  the 
health  of  the  district  supplied  therewith." 

If  this  was  the  condition  of  affairs  nearly  twenty-five 
years  ago,  with  how  much  more  force  do  these  arguments 
apply  at  the  present  time,  when  the  amount  of  the  sewage 
flowing  into  the  river  Delaware  in  the  neighborhood  of  the 
Kensington  pumping  station  has  been  ever  on  the 
increase. 

The  following  extract  is  taken  from  the  report  for  i87i,p.  28: 

"  The  immense  quantity  of  filth  of  every  description 
deposited  in  the  river  from  the  common    sewers,  estimated 
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at  over  13,000,000  gallons  daily,  and  decomposing  organic 
matter  always  floating  about  the  wharves,  which  is  carried 
up  and  down  the  river  front  by  the  tidal  currents,  and  con- 
stantly agitated  by  the  general  traffic  upon  the  river,  must 
of  necessity  have  a  deleterious  effect  upon  the  water,  even  at 
a  distance  from  the  shore.  ***/;/  tlic  opinion  of  this 
Board,  water  taken  from  the  Delaware  Riier  at  any  point 
along  the  city  front  is  totally  unfit  for  domestic  use." 

Again,  in  the  report  of  the  Board  of  Health  to  the  Mayor, 
for  1882,  p.  13  : 

"  The  water  pumped  at  the  Kensington  Works  is  unfit 
for  domestic  use,  and    this   station  should  be-  abandoned." 

^  if         -if 

"  This  recommendation  has  frequently  been  made  before, 
but  it  has  never  been  heeded.  It  would  appear  reasonable 
to  infer  that  the  high  death  rate  in  the  wards  supplied 
with  this  water  has  some  connection  with  the  fact  above 
stated." 

From  the  report  of  Chief  Engineer,  Philadelphia  Water 
Department,  for  1883,  p.  45  : 

"  The  Delaware,  along  the  city  front,  is  the  recipient 
sooner  or  later,  of  the  sewage  refuse  and  street  washings  of 
a  city  area  occupied  by  a  population  probably  exceeding 
800,000.  These  waste  matters  are  borne  up  and  down  bv 
the  tides  and  usually  pass  and  repass  the  citv  several  times 
before  taking  their  final  departure.  Under  these  circum- 
stances, whatever  may  be  the  volume  of  the  stream,  it  is  by 
necessity  polluted  and  is  not  suitable  for  immediate  and 
habitual  daily  use. 

"In  especial  is  the  vicinity  of  the  Kensington  station  marked 
by  an  accumulation  of  the  foulest  materials. 

"  Its  central  position  insures  its  getting  the  full  benefit  of 
the  city's  sewage,  and  in  addition  the  Aramingo  Canal — an 
open  sewer  of  large  dimensions  and  choked  with  filth — dis- 
charges in  its  immediate  vicinity.  The  water  taken  thence 
is  utterly  unfit  for  human  consumption." 

These  extracts  might  be  indefiniteh-  multiplied,  chemical 
analyses  might  be  quoted,  health  statistics  dwelt  upon 
— but    to    what    purpose?      The    evidence    I    have    already 
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presented    seems   to    me  so    overwhelming  that    it  would 
gain  nothing  in  force  by  such  additional  arguments. 

If  the  arguments  against  the  Kensington  station  carried 
only  one-tenth    of   the  weight   of   those   actually   existing, 
there  would  still  be  sufficient  reason  to  require  its  immediate^ 
removal. 

The  existence  of  the  Kensington  station  through  the 
past  thirtv  years  has  been  a  sufficient  disgrace  to  the  city. 
Let  it  be  tolerated  no  longer.  Let  public  opinion  express 
itself  strongly,  unmistakably.  Let  the  newspapers  of  this 
city  unceasingly  agitate  the  matter.  Let  the  learned  and 
other  societies  engage  in  the  contest.  Let  individual  iniluence 
be  exercised.  The  Kensington  pumping  station  will  then 
exist  onlv  as  a  memory  of  the  past,  to  be  long  remem- 
bered for  the  desolation  it  has  wrought  in  many  families, 
but  not  to  be  feared  for  that  which  it  also  threatens,  as  at  the 
present  time  and  in  the  future. 

Let  us  not  be  satisfied  with  any  half  measures,  for  so  long 
as  the  Kensington  pump  remains  it  will  be  liable  to  be  put 
into  operation  at  any  time.  The  station  must  be  completely 
disxnantled  and  pumping  rendered  absolutely  impossible 
in  the  future. 

Finalh',  let  me  ask  you  gentlemen,  who  represent  the 
most  prominent  of  the  chemists  of  this  city,  and  who  by 
vour  attainments  and  knowledge  are  especially  qualified  to 
give  judgment  on  this  most  important  subject,  unanimously 
to  recommend  to  the  Institute  the  passage  of  the  follow- 
ing resolution : 

"That  the  Franklin  Institute  most  strongly  condemns 
the  use  of  the  Delaware  water  at  Kensington  for  city  supply 
and  that  it  urges  Councils  to  take  immediate  steps  to  render 
possible  the  abandonment  of  the  Kensington  pumping 
station." 

Bv  pas.sing  this  resolution  without  a  dissenting  vote,  I 
feel  that  you  will  confer  a  great  benefit  on  the  city  and  add 
to  the  good  work  for  which  the  Franklin  Institute  has 
been  noted  in  the  past. 
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ABSTRACTS. 

Allotropic  Forms  of  Silver.  By  M.  Carey  Lea. — In  the  American 
Journal  of  Science  for  June,  1889,  Mr.  M.  Carey  Lea  has  a  paper  on  "Allo- 
tropic P'orms  of  Silver."  His  experiments  show  that  metallic  silver  may 
exist  in  a  perfectly  soluble  form,  dissolving  easily  and  abundantly  in  water. 
Starting  from  this,  it  may  show  all  degrees  of  solubility  down  to  absolute 
insolubility,  still,  however,  existing  in  an  allotropic  form  and  quite  distinct 
from  normal  or  ordinary  silver.  The  solutions  formed  are  as  perfect  as  those 
of  any  other  soluble  substance. 

There  are  three  modifications  of  this  allotropic  form : 

A.  The  Soluble  Form. — A  solution  of  ferrous  citrate  (or  of  a  mixture  of 
ferrous  sulphate  and  sodic  citrate)  is  added  to  a  solution  of  silver  nitrate,  the 
mixture  well  stirred  and  allowed  to  stand  for  ten  or  fifteen  minutes.  The 
lilac-blue  precipitate  is  then  washed  on  a  filter  with  a  five  per  cent,  or  ten  per 
cent,  solution  of  nitrate,  citrate  or  sulphate  of  ammonia  or  of  soda,  in  any  of 
which  salts  it  is  perfectly  insoluble.  The  color  changes  on  washing  to  a  deep 
blue.  To  remove  the  iron  as  far  as  possible,  repeated  solution  in  water  and  re-pre- 
cipitation by  ammonic  nitrate  is  necessary,  the  ammonia  salt  being  finally  dis- 
placed by  washing  with  ninety-five  per  cent,  alcohol.  The  aqueous  solution  of 
this  allotropic  form  of  silver  is  blood-red.  Optical  examination  proved  it  to 
be  a  true  solution,  and  not  a  mere  suspension  of  a  finely-divided  precipitate. 
"  The  inference,  therefore,  seems  to  be  very  strong  that  there  exists  an  allo- 
tropic form  of  silver,  freely  soluble  in  water.  This  is  a  property  so  excep- 
tional in  a  metal  that  I  have  admitted  it  with  much  hesitation.  The  principal 
arguments  are  as  follows  : 

"  The  contents  of  silver  in  the  various  products  was  very  carefully,  and,  I 
believe  I  may  say,  quite  accurately  determined;  it  was  extremely  high, 
always  above  ninety-seven  per  cent.  As  already  remarked,  this  virtually 
excludes  the  presence  of  all  other  elements,  except  hydrogen  and  possibly 
oxygen.  These  elements  were  carefully  searched  for,  but  their  presence 
could  not  be  detected.  To  suppose  that  we  had  to  do  with  a  mixture  in  which 
some  compound  of  silver  was  mixed  with  metallic  silver  was  not  possible,  for, 
as  the  whole  was  soluble,  we  should  still  have  to  admit  the  solubility  of 
silver. 

"  We  have,  consequently,  to  deal  with  a  substance  containing  over  ninety- 
seven  per  cent,  of  silver,  and  neither  hydrogen  nor  oxygen  in  combination 
with  it — the  remaining  two  or  three  per  cent,  fully  accounted  for  by  ferric 
oxide  and  citric  acid,  determined  as  present  as  accidental  impurity  ;  the  sub- 
stance itself  readily  amalgamating  with  mercury  by  simple  friction,  neverthe- 
less abundantly  soluble  in  water.  If  I  had  been  able  to  find  any  other 
explanation  for  these  facts,  without  admitting  the  solubility  of  silver,  I  should 
have  adopted  it.     But  none  presented  itself. 

"  Whether,  in  solution,  it  exists  as  a  hydrate — that  is,  in  more  intimate 
combination  with  one  or  more  equivalents  of  water — cannot  be  said  with 
entire  certainty ;  but  the  easy  amalgamation  with  mercury  seems  hardly  to 
favor  that  view." 
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B.  The  Insoluble  Form. — The  first  and  soluble  modification  of  the  allo- 
tropic  form  of  silver  was  produced,  as  shown  above,  by  precipitating  by  an 
alkaline  nitrate,  citrate  or  sulphate.  The  second  and  insoluble  form  is  pro- 
duced by  precipitating;  by  magnesium,  cupric.  ferrous  or  nickel  sulphate,  or 
by  potassium  bichromate  or  ferrocyanide,  or  by  barium  nitrate,  or  even  by 
silver  nitrate,  if  any  one  of  these  salts  is  employed  in  e.xtremely  dilute  solu- 
tions as  the  precipitant,  the  resulting  precipitate  is  insoluble  in  water.  If  it 
is  treated  with  a  concentrated  solution  of  any  of  the  above  salts,  it  becomes, 
strange  to  say,  once  more  soluble  in  water. 

This  insoluble  form  is  best  seen  when  applied  as  a  thin  film  to  paper  by  a 
brush,  enough  water  being  added  to  give  it  a  paste-like  consistency.  This 
film  is  of  a  greenish  color,  blue  in  certain  lights,  yellow  in  others  ;  the  yellow 
being  the  more  pronounced  in  proportion  as  the  washing  is  thorough.  On 
drying,  the  lustre  is  remarkable,  a  perfect  mirror  being  obtained.  This 
insoluble 'form,  after  drying  at  ioo°C.,  contained  97'96  per  cent,  silver.  "  The 
remaining  2'04  per  cent,  consisted  of  ferric  oxide  and  citric  acid." 

C.  The  ^old-yelhnv  and  eopper-eolored  silver  is  produced  by  the  reduction 
of  silver  tartrate  by  ferrous  tartrate.  The  resulting  precipitate  is  first  glittering 
red,  then  changes  to  black,  and  on  the  filter  has  a  beautiful  bronze  appear- 
ance. The  silver  nitrate  is  entirely  converted  into  this  allotropic  form,  which 
is  insoluble  in  water,  and  dries  to  lumps  exactly  resembling  highly-polished 
gold.  A  paste  of  it  extended  over  glazed  paper,  dries  with  the  splendid 
lustre  of  gold  leaf.  The  percentage  of  silver  present  =  98'75.  Occasionally, 
a  spontaneous  reversion  to  normal  silver  occurs,  the  latter  being  extremely 
beauiiful  and  resembling  the  finest  frosted  jeweler's  silver. 

All  of  the  above  allotropic  forms  have  the  following  properties  in  common  : 

( 1 )  That  of  drying  with  their  particles  in  optical  contact  and  consequently 
forming  films  and  mirrors  as  above  described. 

(2)  The  halogen  reaction.  When  any  of  the  films  on  paper  are  dipped  in 
a  solution  of  sodium  hypochlorite  of  ferric  chloride,  or  of  iodine  dissolved  in 
potassium  iodide,  magnificent  intense  shades  with  metallic  reflections  are  pro- 
duced. They  often  remind  one  of  the  color  of  a  peacock's  tail  and  are 
caused  by  interference.  This  characteristic  forms  one  of  the  principal 
reactions  for  distinguishing  allotropic  silver  from  ordinary  silver. 

(3)  The  stronger  acids,  even  when  much  diluted,  instantly  convert  the 
allotropic  form  of  silver  into  normal  gray  silver,  without  the  slightest  evo- 
lution of  gas. 

(4)  .All  of  the?e  allotropic  forms  are  easily  reduced  to  an  impalpable 
powder.  In  addition  to  these  four  points,  Mr.  Lea  states  that  all  of  his  pro- 
ducts readily  form  an  amalgam  with  mercury. 

Mr.  Lea  has  been  at  work  upon  this  subject  for  over  three  years.  He 
expects  to  have  a  second  paper  in  the  July  number  of  the  American  Journal 
of  Science.  The  properties  of  these  allotropic  forms  of  silver  discovered  by 
him  are  certainly  extraordinary.  Indeed,  any  one  of  the  properties  of  these 
products  is  remarkable.  It  is  remarkable  that  silver  can  be  obtained  in  a 
form  having  all  the  color  and  brilliancy  of  gold.  It  is  remarkable  that  while 
having  thus  the  lustre  of  a  metal  and  also  the  metallic  property  of  amalga- 
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mating  with  mercury,  it  still  is  friable  and  easily  reduced  to  powder.  But 
most  remarkable  of  all  is  the  fact  that  it  is  freely  and  abundantly  soluble  in 
water.  Certainly  this  property  is  unique.  In  the  entire  list  of  metals  there 
is  none  that  possesses  anything  like  it. 

Mr.  Lea's  investigations  have  opened  a  most  interesting  field  of  research, 
that  will  probably  produce  results  of  the  highest  importance.  P. 
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From  T.  G.  Ellsworth. 
Kunz,  Geo.  F.     A  Collection  of  Precious   and    Ornamental  Stones  of  North 
America,  exhibited  at  the  Paris  Exposition. 
Meteoric  Iron  from  Arkansas. 
Mineralogical  Notes. 
On  Two  New  Masses  of  Meteoric  Iron. 
Precious  Stones. 

Precious  Stones,  Gems  and   Decorative  Stones   in   Canada 
and  British  America. 

From  the  Author. 
Lamb,  Robert  W.     Our  Twin  Cities.  From  Louis  E.  Levy. 

Lewiston  Water  Board.     Ninth  Annual  Report.  From  the  Board. 

Literary  and  Historical  Society  of  Quebec.     Transactions.     No.  ig. 

From  the  Society. 
Manchester  Association  of  Engineers.     Thirty-third  Annual  Report  of  the 
Council. 
Accuracy  in  Mechanical  Construction. 
The  Forth  Bridge. 
A  New  Chapter  in   the    History   of  the   Manchester  and 

Liverpool  Railroad. 
Some  Types  of  the  Modern  Locomotive. 

From  the  Association. 
Massachusetts   Agricultural    Experiment   Station.     Analysis   of  Commercial 

Fertilizers.     April,  1889.  From  the  Station. 

Meteorological  Council,  London  : 

Hourly  Readings.     Part  3.     1886. 

Weekly  Weather  Reports.     January  7  to  May  9,  1889. 
Report    of    the    Fourth    Meeting   of    the    International 
Meteorological  Committee.  From  the  Council. 

Michigan.     Proceedings  and  Addresses  at   a   Sanitary   Convention   held  at 
Hastings,  December,  188S. 

From  the  State  Board  of  Health. 
New  Bedford,  Mass.     Tenth  Annual  Report  of  the  Board  of  Health. 

From  the  Board. 
New  Jersey  Geological  Survey.     Atlas  Sheet  No.  20. 

From  the  State  Geologist. 
New  Jersey  State  Agricultural  Experiment  Station.     Ninth  Annual  Report. 

From  the  Director. 
New  Orleans  Water  Works  Company.     Eleventh  Annual  Report. 

From  the  Company. 
New  York  Board  of  Railroad  Commissioners.     Sixteenth  Annual  Report. 

From  the  Board. 

New  York   Meteorological  Observatory.     Reports  for  January,  February, 

March  and  April,   1889.  From  the  Director. 

Pennsylvania  Railroad  Company.     Forty-second  Annual  Report  for   1888. 

From  the  Company. 
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Pennsylvania  State   College.     Annual  Report  for  1887. 

From  the  College. 
Pennsylvania  State  College  Agricultural  Experiment  Station.      Bulletin  No.  7. 

From  the  College. 
Porter,  N.     American  Colleges  and  the  American  Public. 

From  Reuben  Haines. 
Regia  Accademia  dei  Fisiocritici  di  Siena.   Atti.    Serie  4,  Vol.  i,  Fas.  i  and  2.     , 

From  the  Academy. 
Smith's  History  of  the  Colony  of  Nova  Cresarea,  or  New  Jersey. 

From  Reuben  Haines. 
Societe  d' Encouragement  pour  I'Industrie  Nationale.     Annuaire  1889. 

From  the  Society. 
Stevens,  W.  Le  Conte.     The  Sensitive  Flame  as  a  Means  of  Research. 

From  the  Author. 
Trimble,  Henry,  and  J.  M.  Schroeter.     Oil  of  Camphor. 

From  Henry  Trimble. 
U.  S.  Department  of  Agriculture  ; 

Division  of  Entomology.     Periodical  Bulletin,  No.  11. 
Botanical  Division.     Bulletin  No.  10. 
Report  of  the  Statistician,  No.  62. 
Report  of  the  Commissioner  for  1888. 

From  the  Department. 
U.  S.  Department  of  the  Interior: 

Forty-Seventh    Congress,   First   Session.     Senate    Misc.    Docs., 

Vols.  7,  8  and  9. 
Forty-Seventh  Congress,  Second   Session.     House  Misc.  Docs., 

Vol.  13,  parts  17,  19,  21  and  22. 
Forty-Eighth    Congress,    Second    Session.     Senate    Ex.    Docs., 

Vol.  2,  part  2. 
Forty-Eighth    Congress,   Second   Session.      House    Ex.   Docs., 

Vol.  14. 
Forty-Ninth  Congress,  First  Session.    Senate  Ex.  Docs.,  Vol.  8. 
Forty-Ninth  Congress,  First  Session.     Senate  Misc.  Docs.,  Vols. 

I  and  6. 
Forty-Ninth  Congress,  First  Session.     House  Ex.  Docs.,  Vols. 
I,  4,  5,  7  to  10,  14  to  17,  19,  20,  21,  23,  25  to  28,   31,  33,  35 
and  36. 
Forty-Ninth  Congress,  First  Session.     House  Misc.  Docs.,  Vols. 

12,  13,  15,  17  and  20. 
Forty-Ninth   Congress,   Second   Session.     Senate  Misc.   Docs., 

Vol.  3. 
Forty-Ninth  Congress,  Second  Sessio*.     House  Ex.  Docs.,  Vols. 

1  and  28. 
Forty-Ninth  Congress,  Second  Session.     House  Reports,  Vol.  3. 
Fiftieth  Congress,  First  Session.     Senate  Journal. 
Fiftieth  Congress,  First  Session.     House  Journal,  Vols,  i  and  2. 

From  the  Department. 
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U.  S.  Department  of  State.     Reports  from  the  Consuls  of  the  United  States. 

March,  1889.  From  the  Department. 

U.  S.  Geological  Survey.     Atlas  Sheets  (28).  From  the  Survey. 

U.  S.  Hydrographic  Office.     Pilot  Chart  of  the  North  Atlantic  Ocean.     June, 

1889.  From  the  Philadelphia  Branch  Office. 

U.  S.  Patent  Office.     Rules  of  Practice.     Revised  March  9,  1887. 

From  Wm.  B.  Cooper. 
Specifications  and  Drawings  of  Patents.     April,  18S8. 

From  the  Office. 

U.  S.  Signal  Office.     Bibliography  of  Meteorology.     Part  i — Temperature. 

List  of  Books  and  Articles  in  the  Library  of  the  Surgeon- 
General's  Office.  From  the  Signal  Officer. 
U.  S.  War  Department.  Regulations  for  the  Army  of  the  United  States.   1889. 

From  the  Adjutant-General. 

Waltham,  Mass.,  City  Documents.     1888.  From  the  City  Clerk. 

Washington  University.     Catalogue  of  Officers  and  Students. 

From  the  University. 
Western  Mineral  Wool  Company.     The  L^ses  of  Mineral  Wool. 

From  the  Company. 
Wire-Rope  Tramways  for  Economical  Transportation. 

From  Cooper,  Hewitt  &  Co. 
Worcester  Polytechnic  Institute.     Catalogue.     1889.         From  the  Institute. 


Franklin    Institute. 


\_rroLfeiii>igs  of  the  Staled  Meeting,  held  Wednesday,  June  ig,  iSSg-l 


Hall  of  the  Franklin  Institute, 

Wednesuav,  June  19,  1889. 
Joseph  M.  Wilson,  president,  in  the  Chair. 

Present,  106  members  and  twelve  visitors. 

Additions  to  membership  since  last  report,  thirty-four. 

The  Secretary  reported  the  resignations  of  Mr.  C.  W.  Howard,  Prof. 
W.M.  D.  Marks  and  Mr.  Pedro  G.  Salom  as  members  of  the  Committee  on 
Science  and  the  Arts. 

The  resignations  were  accepted  and  a  ballot  was  ordered,  to  fill  the 
vacancies,  which  resulted  in  the  election  of 

Dr.  W.  C.  Head,  in  place  of  Mr.  Howard. 


8o  Proceedings,  etc.  [j.  f.  I, 

Mr.  John  Hall,  in  place  of  Prof.  Marks,  and 

Prof.  Arthur  Beardslev,  in  place  of  Mr.  Salom. 

Mr.  Wm.  L.  Boswell  was  appointed  as  a  delegate  to  the  L'niversal  Expo- 
sition, in  Paris,  to  report  on  Fire-proof  Building  Construction,  and  on  Means 
and  Appliances  for  E.xtinguishing  Fires,  and  the  President  and  Secretary 
were  authorized  to  have  prepared  a  suitable  document  certifying  the  fact,  over 
their  signatures  and  the  seal  of  the  Institute. 

Dr.  ROHERT  Grimshaw,  of  New  York,  gave  a  description  of  Bailey's 
Improved  Adjustable-Hub  Pulleys,  and  of  an  improved  Cotton  Compress. 
(Referred  for  publication.) 

Mr.  T.  G.  Ellsworth,  of  New  York,  gave  a  description  of  the  Knudson- 
EUsworth  Acoustic  Telephone,  exhibiting  the  instrument  in  operation. 
(Referred  for  investigation  and  report  to  the  Committee  on  Science  and  the 
Arts.) 

Mr.  S.  Lloyd  Wiegand  gave  some  account  of  the  successful  use  of  steel 
spheres  for  reducing  the  friction  of  journals.  These  were  made  upon  the 
Simons  Rolling  Machine,  previously  described  in  the  Journal. 

Dr.  S.  C.  Hooker  read  a  brief  paper,  condemning  the  use  of  the  Dela- 
ware River  water,  at  Kensington,  as  unfit,  by  reason  of  its  serious  contami- 
nation with  sewage,  for  drinking,  and  urging  the  abandonment  of  the  Ken- 
sington pumping  station. 

The  paper  embodied  the  accompanying  resolution  of  the  Chemical  Sec- 
tion, "  That  the  Franklin  Institute  most  strongly  condemns  the  use  of 
the  Delaware  water,  at  Kensington,  for  city  supply,  and  respectfully  urges 
Councils  to  take  immediate  steps  to  render  possible  the  abandonment  of  the 
Kensington  pumping  station." 

The  resolution  was  the  subject  of  some  debate,  and  was  thereupon 
adopted. 

Mr.  W.  F.  Jennings  exhibited  on  the  screen  a  series  of  photographic 
views  of  the  recent  inundations  along  the  line  of  the  Pennsylvania  Railroad, 
and  the  Secretary  showed  a  series  of  views,  exhibiting  the  destruction 
wrought  by  the  deluge  in  the  Conemaugh  Valley. 

Adjourned.  Wm.  H.  Wahl,  Secretary. 


PENNSYLVANIA  STATE  WEATHER  SERVICE. 


MONTHLY  WEATHER  REVIEW 
For  .may,   i88g. 


Frei>arcd  under  the  Direction  of  the   Committee  on  Afeteorology  of  the 
Franklin  Institute. 


Hall  of  the  Franklin  Institute. 

Philadelphia,  May  31,  1889. 

temperature. 

The  mean  temperature  for  May,  i88g,  was  62°'o,  which  is  one  degree 
above  the  average. 

The  warmest  period  of  the  month  occurred  on  the  9th,  and  the  coldest  on 
the  2d,  4th  and  29th.  Frosts  were  general  throughout  the  state  on  these 
dates. 

The  highest  temperatures  reported  were  Carlisle,  96°  ;  Hollidaysburg,  94°  ; 
Reading,   94°;    Coatesville,   94°,   and  York,  94°.     The  lowest  temperatures 
•were  Emporium,  25°;  New- Castle,  26°;  Columbus,  26°,  and  Dyberry,  26°. 

The  highest  mean  monthly  temperatures  were  Indiana,  68'''3 ;  Annville, 
66''5,  and  Emporium,  64°'5.  The  lowest  were  Wellsboro,  55°'i ;  Columbus, 
56"-o,  and  Dyberry,  56°'3. 

From  January  ist  to  May  31st,  the  temperature  excess  was  404°  at  Phila- 
delphia, 231°  at  Pittsburgh,  and  56°  at  Erie. 

barometer. 

The  mean  atmospheric  pressure  was  29-97,  which  is  normal.  The  range 
between  the  extremes  was  about  seven-tenths. 

The  highest  noted  was  on  the  i8th,  and  the  lowest  during  the  nth. 
Neither  were  attended  by  any  unusual  atmospheric  conditions. 

The  minor  depression  of  the  31st,  accompanied  the  heavy  rainfall  on  that 
date. 

precipitation. 

The  average  rainfall  over  the  state  during  the  month  was  5-91  inches, 
which  is  an  excess  of  over  two  inches.  Had  it  not  been  for  the  phenomenal 
rainfall  of  the  31st,  there  would  have  been  a  deficiency  in  the  western  and 
middle  portions  of  the  state.  The  largest  totals  in  inches  for  the  month 
were  McConnellsburg,  12-41;  Grampian  Hills,  ir6o;  Charlesville,  iro;; 
Harrisburg,  9-51  ;  Smethport,  9-21,  and  Selins  Grove,  9-20.  The  excessive 
and  unprecedented  rainfall  of  the  31st,  which  caused  disastrous  floods,  was  at 


Grampian  Hills,  8'37  inches;  McConnellsburg,  yoS  inches;  Charlesville, 
671  inches;  Selins  Grove,  6  inches;  Emporium,  5'85  inches;  Smethport, 
5'5o  inches;  Hollidaysburg,  5'i2  inches,  and  Harrisburg,  4'66  inches.  In 
the  southeastern  portion  of  the  state  the  fall  was  very  light  on  this  date, 
many  stations  reporting  less  than  one-tenth  of  an  inch. 

From  the  1st  to  the  loth  there  was  a  general  absence  of  rain.  From  this 
time  to  the  end  of  the  month  rains  occurred  almost  daily  at  some  stations. 

WIND    AND   WE.\THER. 

The  prevailing  direction  of  wind  was  from  the  west,  and  the  month  may  be 
characterized  as  warm  and  moist.  Frosts  were  general  from  the  isttothe 
4th,  inclusive,  and  on  the  29th,  all  of  which  considerably  impaired  growing 
crops  and  fruits. 

The  first  thunder  storm  of  the  month  occurred  on  the  afternoon  of  the 
loth,  and  was  general  throughout  the  state.  The  lightning  and  wind  caused 
heavy  damages  in  several  places.  In  some  sections  hail-stones  of  large  size 
fell  in  quite  large  quantities.  The  storm  was  from  the  northwest,  and  its 
approach  was  heralded  by  great  banks  of  ominous  looking  clouds,  which 
were  violently  agitated.  At  most  stations  the  wind  was  of  terrific  force,  and 
carried  with  it  blinding  and  stifling  clouds  of  dust,  which  fairly  darkened  the 
atmosphere.  At  Philadelphia  a  velocity  of  seventy-two  miles  was  registered. 
Fortunately  the  great  force  was  of  short  duration.  With  the  bursting  of  the 
storm  the  temperature  fell  from  ten  to  twenty  degrees.  At  Philadelphia  the 
self-registering  barometer  fell  rapidly  from  8  A.  M.  From  1.30  P.  M.  to 
4  P.  M.  the  fall  was  more  decided.  After  the  storm  bui'st  at  5  P.  M.  it  rose 
one-tenth  instantaneously.  As  a  ditsi storm  it  was  phenomenal  in  magnitude 
and  intensity. 

On  the  31st,  the  central  portion  of  the  state  was  visited  by  one  of  the 
greatest  rainfalls  and  floods  ever  known  in  this  country  for  magnitude  and 
destructiveness.  Large  sections  were  flooded,  whole  towns  and  cities  were 
swept  away,  thousands  of  people  drowned,  and  millions  of  dollars  in  prop- 
erty destroyed.  It  is  estimated  that  from  six  to  eight  inches  of  rain  fell  in 
twenty-four  hours  over  a  large  area  of  the  central  part  of  the  state. 

Extracts  from  the  reports  of  observers.  May  31st: 

Grampia7i  Hills. — From  11.40  P.M.  30th  to  11.20  P.M.  of  3151,8-37 
inches  of  rain  fell.  Six  inches  of  rain  fell  in  seven  hours.  Most  destruc- 
tive flood  in  Anderson's  Creek  on  record.     Wind  east. 

McConnellsburg. — Easterly  winds.  5-45  inches  of  rain  from  4  P.M.  30th 
to  4  P.M.  31st.  Rain  ceased  midnight  of  31st ;  8'3i  inches  in  thirty-two  hours. 
Disastrous  floods. 

Charlesville. — South,  southeast,  and  southwest  winds.  Heaviest  rains  in 
years ;  671  inches  from  9  P.M.  30th  to  9  P.M.  31st.  Storm  began  3.15  P.M. 
30th. 

Selins  Grove. — Southeast  winds.  Rain  began  2.20  P.M.  30th  ;  six  inches 
of  rain  on  31st.     Thunder  in  east  at  3  P.M. 

Harrisburg. — On  the  31st  and  night  of  ist,  eight  inches  of  rainfall  in 
eighteen  hours.  ] 


'  31,  1889. 


Jour.  Frank.  Inst.,  Vol.  CXXVUL  July,  1889. 

RAINFALL  DURING  STORM  OF  MAY  30  and  31,  1889. 


State  Weather  Service. 


IK  Service  for  May 

,    1889. 

IBCIPITATION. 

Number  of  Days. 

Wind. 

V 

o 

C 

i 

o 

Number  of  Days 
Rainfall. 

■0 

'5 

fa 

0 

u 

Prevailing  Direction. 

< 

n 

S 

0.' 

Obsbrvebs. 

A. 
i 

1 
1 

I 

I 
1 

c 

c 

'•45 
■07 

fno 
1'75 

;'45 

i*04 

14 

13 
9 
9 
13 
10 
II 
12 
11 

7 
14 
15 

9 
7 
7 

15 

10 

9 

NW 

W 

NW 

NW 

W 

NW 

NW 

SW 

NW 

Oscar  D   Stewart,  Sgt.  Sig.  Corps. 

Rev.  A.  Thos.  G.  Apple. 

C.  M.  Dechant,  C.E. 

Dr.  Charles  B.  Dudley. 

Prof.  J.  A.  Stewart. 

(Charles  Beecher. 

J.  C.  Hilsman. 

}.  L.  Heacock. 

T.  B.  Lloyd 

Prof.  Wm.  Frear. 

14 
9 
14 
14 
12 

10 
6 
7 
9 
7 

il 

10 
8 
12 

NW 
W 

SW 
W 

NW 

w 

NW 
W 

NW 

w 

NW 

w 

( 

( 

( 
( 

( 
( 
( 
( 

< 
1 
i 

I 
1 

1 
I 

I 

I 

I 
1 
I 

I 

^ 

I 

F 

I 

S 

s 
s 

S 

1 

\ 

V 

;-.8 
.■7S 

f=9 

.rKi 

11 
15 
M 

9 
12 

II 

14 
15 
II 

10 
S 

5 

? 
11 

13 
12 

16 

ID 
10 

9 

8 
II 

SW 

NW 

W 

V/ 

SW 

w 

sw 

NW 
W 
W 

SW 
W 

sw 

SE 
W 

w 

sw 
w 

Geo.  H.  Dunkle. 

Jesse  C.  Green,  D.D.S. 

W.  T.  Gordon. 

Rev.  W.  W.  Deatrick,  A.M. 

C.  M.  Thomas,  B.S. 
Nathan  Moore. 
Prof.  John  A.  Robb. 

1'5= 

rS4 

j'93 
!'4i 

MS 

l'7> 

1-46 
i'zo 
>  47 

^■57 
7'47 

f3° 

5-o6 

4-32 
7 -go 
6-93 
J -20 
8-3= 
9-21 
3  45 
2-8s 
472 
5-47 
565 

■4 

12 

9 
>4 
12 

>3 

>3 

8 

12 
6 
■4 

8  ' 

10 
9 
13 
10 

12 
15 

8 
12 
10 

9 
10 
10 
'5 
>5 

12 

10 

9 
4 

7 
9 

10 

II 

9 
16 

10 
6 
14 

15 

II 

5 

■7 
10 
■7 
11 

8 
10 
12 
13 
14 
10 
12 
II 
10 

9 
>9 

4 
II 

15 
8 

'5 

5 

11 
14 
4 

7 

10 
7 

,? 
6 

9 
II 

3 
2 
8 

9 
9 
9 

13 

20 
11 
6 
12 

7 

10 

10 
J I 
'3 

9 

10 

<9 
5 

10 
8 
II 
12 
18 

17 
10 
12 
13 
10 
II 
12 

.  . 

w 

w 

NW 

sw 
w 
w 

w 

w 

w 

NW 
W 

s  ' 

sw 
w 
w 
w 
w 

NW 

w 

NW 
NW- 
NW 
SW 

N 

s-w 

NW 

'  w' 
w 

NW 

sw 
w 
w 

w 

w 
w 

NW 

w 

■  s  ■ 

sw 
w 
w 
w 
w 

NW 

\v 

NW 
SE 
NW 

sw 

w 

sw 

NW 

'  w' 
w 

NW 

sw 
w 
w 

w 

w 

SE 
NW 

w 

'  s  ' 

sw 
w 
w 
w 
w 

NW 

w 

NW 
NW 

NW 
SW 
N 

SW 
NW 

R.  E.  Derickson. 

J.  E.  P.igue. 

Frank  Ridgway,  Sgt.  Sig.  Corps. 

Prof-  Susan  J.  Cunningham. 
Peter  Wood,  Sgt  Sig.  Corps. 
Wm    Hunt. 
Thomas  F.  Slcin. 

Prof.  W.J.  Swigart. 

Prof.  Albert  E   M.lltby. 

A.  M.  Schmidt,  A.B. 
Wra.  T.  Butz. 
Wm.  H.  Kline. 

Geo.  W.  Bowman,  A.M.,  Ph.D. 

H.  D.  Miller,  M.D. 
Armstrong  &  Brownell. 

Prof  S.  H.  Miller. 

Charles  Moore,  D.D.S. 

Harvey  Huffman. 

Lerch  &  Rice. 

Frank  Mortimer. 

Luther  M.  Dey,  Sgt.  Sig  Corps. 

C.  L    Peck. 

E.  C   Wagner. 

J.  M    Boyer. 

W.  M.  Schrock. 

E.  S.  Chase. 

H.  D    Deming. 

Wm.  Loveland. 

Theodore  D.iy. 

John  Torrey. 

Mrs.  L.  H.  Grenewald. 

V 

17 

7 

7 

NW 

NW 

NW 

T. 

F.  To> 

VNSEND 

Sergeai 

tl  Signal  Corps,  Assistant, 

Monthly  Summary  of  Reports  by  Voluntary  Observers  of  the  Pennsylvania  State  Weather  Service  for  May,  1889. 


r 

Station, 

It 

o_ 

Si 

Barometer. 

Temperature, 

'i 

X 

V 

> 

Pi 

c 
I 

a 

Precipitation. 

Number  of 

Days. 

Wind. 

1 

c 
n 

V 

s 

bo 

in 

0 

►J 

B 

a 

Maximum. 

Minimum. 

E 

3 
O.g 

c.S 
SS 

Daily  Range. 

i 
0 

1 
ad 

s 

u 

-0 

3 
0 

D 

Prevailinc  DiBEcnoif. 

H      COINTV. 

in 

V 

■a 

Q 

1 

2 

1 

1 

s 

0 

4i 

1 
2 

4J 

a 

3 
< 

S 

OBsnnrBxm. 

Ber'..-  ■ 

847 
1,300 

304 
1,181 

947 

7i3 

29-950 
29-989 

29-964 

30-230 

30"3'4 
30-238 

29-620 

29-704 
29-728 

61 -6 
58-9 
605 
64-1 
63  "o 

58-9 

62-0 

60-7 
64-5 

90-0 

89-s 
94-0 

91-0 

94-0 
89-2 
87-0 
89'5 
92-0 

lO 

9 

5 
10.  18 

9 

17 
10 

9 
18 

37-0 
29-0 

^P 
36  0 

270 

29-5 

440 

30'5 

25-0 

2.  4 
3 

2 

4,  29 
3 
3 

4 

72-2 

7I-I 

75-3 

74'4 
74 'o 
7i'3 

52-5 
517 

54-8 
46-0 
46-5 

19-7 
19-4 
25-2 

19-6 
2B-0 

24  8 

32-0 

345 
45 'o 
29-0 
50-0 
44-0 

5 
8 
10 
18 
8 
5 

4-0 

8-0 
8-0 
5  5 

31 

22 
27 
31 
13 
22 

62-5 
71 '4 
82-6 

55'i 
7S-0 
74-6 

47-8 
50-0 

53'3 
4S-0 
53'o 
50-0 

^■45 
11 '07 
3-60 
475 
743 
4-76 
570 
5'45 
3-04 

14 
13 
9 
9 
13 
10 
11 
12 
11 

7 
■4 

"5 

9 
7 
7 

15 
10 

9 

NW 
W  . 
NW 

NW 
W 

NW 

NW 
SW 
NW 

Oscar  D  Stewait,  Sgt,  Sig.  Coc]M. 
Rev.  A.  Thos.  G.  .Apple. 
C.  M.  Dechant,  C.E. 

Charlesville, 

Bbr. 

B\zr 

Bn>       :i 

Bu:-- 

Buc:;        

Cin:e:      , 

Ctrlr; 

Dr.  Charies  B.  Dudley. 
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27 
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27 
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20 
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27 

Lerch  S:  Rice, 

Frank  Mortimer. 

Luther  M.  Dey.  Sgt.  Sig  Corps.. 

C.  L   Peck. 

E.  C   Wasner. 

J.  M   Bo%-er. 

W.  M.  Schrock. 

E.  S.  Chase. 

H.  D.  Demin^. 

Wm.  Lo\-eland. 

Theodore  Day. 

lohn  Torrev. 

Mrs.  U  H.'Grenemid. 

P:         r^hia.l     .    . 

■  Philadelphia 

Po-.          

Sc:      ■  ■.  ill . 

Sr.-.      :          .... 

t     ''■'  •  •  •  - 

Selins  Grove, 

Su,.    -.-.'.. 

Eagles  Mere, 

p^    

Wellsboro, 

w 

W 

^^' 

•  >  .  .  . 

York, 

ervation*  uken  at  8  A.  M.  and  8  P.  M.        2  Observations  taken  at  i2  Noon. 


T.  F.  TOWNSBND,  Serseamt  SigmaJ  C*rfs,  Assittamt. 


• 

■i 

■oi 

"OI 

■•36 

■•02 
■07 

•13 

■67 
•01 

•06 

•41 

2-51 

1 

'zo 
•'4 

■20 

•02 

■ol 

•02 
■59 

'•68 
•53 

2'57 

1 

a 

ro 
■5 

•2 

•I 

■0 

1*2 
3-2 

•« 

•s 

s 

'    0 
3   •   ■ 

■02 

J   ■■9b 
i    •az 

,  ■•& 

5     -95 

I    .   . 

J    ■    ■ 
•20 

5,  .   . 
\    -a 
\\    'SO 

I     -o-j 

•50 

-[ 

r  5'47 

1 

u 

rt 
3 

c 

!  ' 

•64 

•01 

•12 

•35 

I '43 

■75 

•10 

"    ■ 
•52 

•03 

Jll 
545 

si 

i 

? 
"OI 

•II 

I  "59 
■04 
■IQ 

i-i6 

1*29 

1-36 

•09 
3-84 

1 

•01 
■02 

•02 
■09 

.19 

'02 

1-25 

■23 
*I1 
'17 

ITS 
I'OO 

•01 

■o, 
•01 

4-32 

1 
■§ 

0 
D 

■50 

•80 
■30 

•30 
•20 

■ 
•■20 

5 '4° 
7-90 

•3 

■s 

■s 

•62 
•41 

2  •04 
■  '03 

• 

•96 

4'54 

4J 

-     • 
'■25 

■•36 

•57 

''?^ 
•02 

•04 

■9< 

■01 

4-65 

"> 

a 
0 

"•60 
•05 

•12 
•28 

■  •gS 
■38 

•2D 
■47 

•'9 
•70 

•:i 
5-85 

hi 

■g 

•63 
•23 

2'2I 

•iB 

•08 

•5° 
•85 

•05 

4^75 

s 
i 

Q 
■°3 

•45 

■05 
•54 

2'04 

•28 
•09 

•-« 

'■94 

•20 

1 

'22 

•20 

■•85 

■•87 
■30 
■75 

■59 
■57 

4'35 

"s 

rt 
1 

*OI 

■    • 
•3' 

1*02 

2'12 
•09 

■II 

•01 

•87 

I'OO 
'■06 

•10 

2 

B 
rt 

E 
0 

c 
c 

;£ 

'•62 
•21 

2-70 
•15 

•50 
•90 

■°5 
•46 

5'S9 

i 

% 

>. 

'I  - 

■3; 
•08 

■•87 

1'49 
•S6 

•03 

•21 

"57 

•11 
•35 

472 

i 
0 

•84 

;  ; 

•55 
•  • 

■■83 

':^ 

■15 

■■•56 
■15 

1-40 

— 
4-59 

0 
> 

•05 
■41 

'•45 
■28 
•05 

■•81 
^•o8 

•02 

1-49 

5-6s 

I 
U 
ffl 

"rt 

£ 

n 

s 

■12 

•35 

•12 

! ; 

■•63 
•12 

■33 

•85 

•10 
•50 

0 

s  • 

S   ' 

•33 

■60 
■22 

•  ■  1 
.  .  ' 

•72| 

■501 

■55 

•  • 
S'50 

9^21 

I 

2 

3 

4 

I 

9 
o 

•02 

•21 
•22 

2'28 
2-14 

5-70 

5-73 

3'" 

T. 

F. 

r. 

• 

1 

• 

PRECIPITATION 

FOR    MAY, 

1889. 

7. 

ICric. 

1   1 

i 

s 

•05 
•37 

•11 

■04 

•01 

■•12 

•57 

■    • 

•15 
•08 

.■°' 

•06 
■47 

•01 

•07 
•74 

3 

-2 
-y: 

"OI 

'•6g 

2^27 

■45 
■35 
•01 

•03 

*ol 

•08 

''' 

•47 

■03 
•04 

••28 

I'2> 

% 

0 

5 
".  '. 

60 

■41 
■05 

1-94 

•03 

'26 

•24 

•  • 
•10 

"21 

■4    1 

-        0 

-     X 

s 

0 
a. 

e 

3 
a. 

0     .    J3 

•a    ,   « 

■=      1 

c      = 
3       0 
I      I 

M 

c 
0 
0 

< 

3 

1  !l 

C 

a,' 
s 
X 

u 
0 

2 

g 

0 
0 

pa 

4) 

S 
0 

J2 
'w 
& 

■10 

'  ■ 
•10 

•14 

■05 

■15 
•08 

■•36 

•J2 

1-70 

3 
-Q 
.2 

33 

.    . 

•10 

■34 
•83 

■17 
•21 

•08 
•23 

'32 
■82 

•20 

4^66 

9'.Si 

> 
0 

w: 
C 

"o 

■•16 
.70 

■90 
•09 
•15 

■27 

•47 

■•46 
6*00 

9 '20 

>< 
0 

>> 

5: 

s 

■  • 
•04 

■25 
■42 

'•56 
■?^ 

•8i 
■15 

•48 

■•36 
5"i7 

i 

3 
0 

'> 
•a 

2 
0 

c 
0 

1 

>^ 

•  • 

•25 

■   ' 
■25 

■43 
•01 

■19 
■94 
■06 

■14 

•01 

■07 
■34 

•or 

■•67 
I -08 

a 

rt 
u 
c 

•10 
•51 

■19 

■78 
•38 
■13 
•11 

•03 
•67 

•83 

•23 

•50 

c 
0 

•   ■ 
■  ■ 

till 
•3 

•      • 

•24 
. 

■23 
•60 

•03 

•20 
•52 

i'5o 

•04 

3-6o 

B 

J= 

_4J 
U 

■42 

•16 

•07 

•64 

i'54 
■05 
■02 

■•36 
I '02 

•02 

4-30 

0 
1 

•  • 

•  • 
•20 

•10 
•62 

!  . 

1-25 

'■50 
•20 

■•60 

r3o 
1-70 

u 

u 
■03 

■•oS 
'02 

•03 
•60 
•06 

•    • 

.  . 
'•28 

1-76 
•46 

•06 
"15 

■03 
1-28 

■91 

'°? 
5-78 

6 
« 

3 
D* 

« 
C  . 

c 

V 

■     ■ 

•02 
•02 

■17 
•15 

•17 

I '04 

■24 
■02 

'■32 

■02 
•01 

3-'8 

V 

'> 

HI 
V 

rt 
0 

•03 

•    ■ 
■ 

•10 

•03 

•68 
•01 

•34 
I  •OS 

1^0  J 

•01 
■19 

'•c6 
•84 

•01 
5-29 

1 

0 

X 

I -07 
•02 

'•98 

•22 

'■60 
■95 

■•20 

•i!2 

•50 

•07 
•50 

5-'47 

1 
0 

V 
M 

C 

■•64 
•01 

•12 
■33 

•35 
I '43 

■11 

•52 

l-o*! 

•03 

•II 



545 

0 

s 

•01 

■n 

'•59 
■04 
■19 

ri6 

1^29 
I  •36 

•09 

5-84 

2 

a, 

-3 

■01 

•02 

•02 

•09 
.19 

■02 

1-25 

■23 

■II 

.'? 

ri8 

fcra 
•01 

.OI 

•oi 

4-32 

u 

0 
0. 

■c 

u 

-a 

3 

■5 

•2& 

■50 

'■80 
■30 

•30 
•20 

■20 

5"4o 

V 

■> 

1 

(A 

'S 

tn 

■•62 

■   • 
■41 

2^04 
•  -03 

■•48 
•96 

V 

-a 
S 

■25 

•05 
'•36 

■57 

'^ 
•<" 
•04 
■50 
•9' 

•oi 

"> 

a 
0 

•fo 

•05 

•T2 

•b8 

i^gS 
•38 

•2D 

■      ■ 

•47 
•19 
■70 

■05 
•48 

U 
V 

c 
L> 

0 
U 

m 

•63 
•25 

2'2I 
•18 
•08 

.         , 

•50 
•85 

•05 

1       i 

1    J 

0 
(A 

.I*02 

2*12 
•09 

■II 

•     • 
*OI 

V 

'02 

•21 

"22 
^•28 

•35 

'•fe 

• 

•21 

.    . 

2^7D 
•15 

'J 

•'5 

•08 
■■87 

1"4Q 
•56 

•03 

•84 

■S5 

■■83 

•03 
•06 

•»5 
'•56 

•>s 

1*40 

•01 

■05 

•    ■ 

I  "45 

■28 

^5 

: ; 

'•S'l 
^•o8 

'■^ 

'•49 

r. 

"02 

a? 

■30 
•06 

■4' 

2-51 

■20 
•4 

•20 
•02 

•-.^ 

■06 
■02 

•68 
'53 

2'57 

'•05 

. 
■52 

: : 

•25 
■15 

■03 

3'20 

■15 
•06 

•10 

•12 

■08 

■50 

I '20 

'■65 
■05 

■•36 
•10 

•52 

■31 

■20 

■40 

•48 

■34 
■31 

■  -46 

•05 

■11 

•21 
•22 

■44 

■05 

•49 
■09 

•50 
•06 

■04 

25 
■15 

■12 

5-85 

'•?7 

■34 
■24 

■      • 

■05 
"02 
•08 
•z8 

■17 
■25 

•15 
2-83 

■45 
•56 

•02 
«■       ■■ 

'•16 
•06 
•07 
■03 
■24 

■•46 

;3° 

•60 
422 

■33 
■31 

'•65 
•02 

■•06 
■04 

*02 
•07 

•04 
•20 

•18 

•39 
5'12 

■50 

•38 
■25 

'•08 
'•08 

•18 

■13 
•12 

3-03 

■50 
•80 

•98 
■15 

•06 
•22 
'01 
•20 

•40 

•15 
-28 

•61 

6-71 

"17 
•52 

T 
■63 

■33 
■05 
■12 
•07 

•12 

•67 

1-23 
7-08 

■      • 
'•18 
■20 

•25 
■10 

.■°.' 

'•16 
■44 
■44 
•03 

■37 

3'7o 

•15 

■45 
■47 
■05 

■15 
•03 
•04 

•05 

■05 
•70 

•78 

■15 

■05 
i^4o 

■16 

19 

'•16 
•20 

•II 

•38 
•07 

•27 

•32 
2 '90 

4"  76 

foi 

■39 

'•48 

1-03 

•20 
•07 

•07 
•18 

■91 

'e'l 

■93 

6-93 

■03 

•45 

•05 
•54 

• 

2^04 
•28 
■09 

:°^ 

':'' 

'20 
4^82 

•22 

■■20 
•85 

■•87 

•30 
•75 

■59 
•57 

4'35 

■     ■ 

•IS 
•12 

■63 

•12 

■85 

•10 
•50 

3J 
•60 

'■P 
•30 

•09,   .    .  ;    .     .          -07 

•■:....  1       -35 

.     .    '  f20     .     .   1   .     .     . 
.    ,2'00,   .     .    '         '23 

207  I'oo' 4'43      837 

•87 

I'OO 

•06 

•10 

5*70 

2-14 

•51 

573 

•5° 
•90 

•OS 
■46 

5'59 

•21 
■57 

"II 

•35 

4  "2 

"55 

5-50 

2-88 

6-45  6-93  4-71  8-32,  ii-6o 

804 

5-23  7-18 

7"43 

475 

1 1^07 

12-41 

,    .    6'o(5 

4'52 

3"45 

9"2I 

5'47 

4-46 

7'47 

4"34 

4-65 

585 

4'75 

4-39 

5-65 

3-II 

9"-' 

T.  F.  T. 


Emporium. — Rain  began  9  P.M.  30th,  ended  11.20  P.M.  31st.  Total 
rainfall,  5-85  inches.  Water  twelve  feet  above  low-water  mark,  and  from 
two  to  three  feet  higher  than  flood  of  1861. 

Smcthport. — Southeast  winds.  Rain  from  II  P.M.  30th  to  11  P.M.  31st. 
Total  rainfall,  5' 50  inches. 

Hollidaysbiirg. — Strong  southerly  winds  until  about  4  P.M.,  then  veered 
a  little  easterly  and  gradually  subsiding.  Measurements  of  rainfall  by 
rain  gauge,  May  30th,  from  4  P.M.  to  9  P.M.,  -39  inches  ;  to  7  A.M.  31st,  2'ii 
inches;  to  12  M.,  3'49  inches  ;  to  5.30  P.M.  4^23  inches;  to  7  P.M.  4^97  inches; 
to  9  P.M.,  5"5 1  inches  ;  to  7  A.M.  June  ist,  6"lo  inches.  Strong  northwest 
wind  at  midnight,   31st. 

Huntingdon. — The  flood  of  history  in  the  Juniata  Valley.  Water  higher 
than  ever  before  known  ;  5'4i  inches  of  rain  fell  from  7  A.M.  31st  to  2  A.M. 
June  1st  ;  6'57  inches  from  4  P.M.  30th  to  2  A.M.  June  ist.  Winds  east  and 
southwest. 

York. — High  winds  from  southwest;  3'I9  inches  of  rain  from  early 
morn  of  31st  to  early  morn  of  June  ist.     Crops  badly  damaged. 

Carlisle. — Rain  gauge  overflowed.  Growing  grain  injured.  Heavy  wash- 
outs and  bridges  washed  away.  Water  higher  than  ever  known.  Southeast 
winds. 

Neiu  Blooinfield. — Terrible  rain,  with  thunder.  East  winds.  Rainfall,  3'82 
inches. 

Annville. — A  continued  succession  of  cloud  bursts.  Strong  southeast 
winds.     Occasional  thunder. 

Ouakertown.- — A  peculiar  storm.  Strong  southeast  winds.  Upper  clouds 
nearly  stationary.  Dark  and  threatening  lower  clouds,  moving  rapidly  from 
south.     Very  little  rain. 

Coudersport. — Rain  began  5  P.M.  30th,  ended  morning  of  June  ist. 
Total  rainfall,  5'40  inches  ;  highest  water  ever  known  in  this  section.  Great 
damage  done  in  Potter  County.     Wind  south. 

MISCELLANEOUS    PHENOMENA. 

Tliuttdcr  Storms. — Charlesville,  loth,  14th,  20th ;  Reading,  loth,  14th; 
Hollidaysburg,  loth,  24lh,  27th  ;  Wysox,  14th,  31st  ;  Falls  of  Neshaminy, 
14th,  2ist;  Ouakertown,  loth,  14th,  21st;  Emporium,  loth,  14th;  Phillips- 
burg,  loth;  West  Chester,  loth,  14th,  21st;  Coatesville,  loth,  14th,  21st; 
Clarion,  loth;  Grampian  Hills,  loth,  27th;  Carlisle,  loth,  13th,  15th  ;  Harris- 
burg,  loth,  14th,  2ist;  Uniontown,  loth,  19th,  30th;  McConnellsburg,  13th, 
30th;  Lancaster,  13th,  14th,  21st;  New  Castle,  22d ;  Myerstown,  loth,  27th, 
30th;  Greenville,  loth,  14th,  i6th,  27th;  Bethlehem,  loth  ;  New  Bloomfield, 
loth,  2ist,  31st;  Philadelphia,  loth,  14th,  21st  ;  Girardville,  loth,  21st,  30th; 
Selins  Grove,  loth,  14th,  21st,  29th,  31st ;  Somerset,  loth,  13th,  19th,  27th, 
31st;  Wellsboro,  loth,  21st ;  Columbus,  loth,  i6th,  19th,  27th  ;  Dyberry,  loth, 
14th,  2oth,  2ist  ;  York,  loth,  12th,  21st,  31st;  Marshall's  Creek,  loth,  14th, 
20th,  2 1  St. 

Hail. — Hollidaysburg,  loth  ;  Quakertown,  loth  ;  Grampian  Hills,  loth, 
27th  ;  Uniontown,  loth  ;  Lancaster,  21st;  Myerstown,  14th  ;  Greenville,  loth. 
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27th;  New    Bloomfield,    2ist;    Selins   Grove,    loth,    21st;    Somerset,    27th 
Dyberry,  loth  ;  Honesdale,   loth  ;  York,  21st. 

Frost. — Charlesville,  2d,  4th;  Reading,  3d  ;  HoUidaysburg,  ist,  2d,  4th 
Wysox,  4th,  29th;  Falls  of  Neshaminy,  3d,  4th,  5th,  6th;  (Ouakertown,  2d 
3d,  4th,  23d,  24th,  29th;  Emporium,  ist,  4th,  5th,  29th;  Phillipsburg,  ist 
24th,  29th  ;  West  Chester,  2d  ;  Coatesville,  2d,  3d  ;  Grampian  Hills,  ist,  2d 
29th  ;  Carlisle,  2d,  4th  ;  Uniontown,  4th  ;  McConnellsburg,  2d,  3d,  4th,  5th 
Huntingdon,  2d,  29th;  New  Castle,  ist,  2d,  29th;  Myerstown,  2d,  3d,  4th 
Greenville,  1st,  2d,  29th;  Bethlehem,  4th;  New  Bloomfield,  2d,  4th;  Girard 
ville,  29th  ;  Selins  Grove,  ist,  2d,  3d,  4th,  5th,  28th,  29th  ;  Somerset,  ist,  4th 
Wellsboro,  ist,  2d,  3d,  4th,  5th,  6th,  9th,  29th  ;  Columbus,  ist,  2d,  4th,  5th 
29th  ;  Dyberry,  2d,  4th.  5th,  29th  ;  Honesdale,  ist,  2d,  3d,  4th,  5th,  29th 
York  24th  ;  Marshall's  Creek,  ist,  4th,  29th. 

CoroncB. — Reading,  loth,  14th;  Myerstown,  loth. 

Solar  Halos. — Charlesville,   ist,  2d,  6th,   7th,   i6th,  24th;    Wysox,    loth; 
Wellsboro,  6th  ;  Dyberry,  ist,  13th,  29th. 

Lunar  //a/o^.— Reading,  loth  ;  Coatesville,  loth  ;    Grampian   Hills,  6th  ; 
Lancaster,  loth;  Somerset,  nth. 

Percentage  of  local  verifications  of  weather  and  temperature  signals  as 
reported  by  display  men  for  May,  1889: 

Weather,  83  per  cent. 
Temperature,  87  per  cent. 

TEMPERATURE   AND    WEATHER    SIGNAL    DISPLAY    STATIONS. 
Displayman.  Station. 

U.  S.  Signal  Office Philadelphia. 

Wanamaker  &  Brown " 

Pennsylvania  Railroad  Company, " 

Continental  Brewing  Company, " 

Samuel  Simpson " 

B.  T.  Babbitt 

Western  Meat  Company " 

Neptune  Laundry " 

Chester  Oil  Company, Chester. 

C.  W.  Burkhart, Shoemakerville. 

A.  N.  Lindenmuth Allentown. 

C.  B.  Whitehead Bradford. 

Capt.  Geo.  R.  Guss, West  Chester. 

Werner  &  Son, Emporium. 

C.  E.  Lenhart Latrobe. 

Thomas  F.Sloan, McConnellsburg. 

J.  H.  Fulmer, Muncy. 

W.  T.  Butz New  Castle. 

S.  W.  Morrison Oxford. 

Capt.  A.  Goldsmith, Quakertown. 

J.  L.  Morrison, Sharon. 

\Vm.  A.  Engel, Shenandoah. 
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Duflayman.  Station. 

VVm.  Schrock Somerset. 

Fostmaster Meadville. 

Frank  Ross Oil  City. 

Lerch  &  Rice Bethlehem. 

John  W.  Aitken Carbondale. 

Signal  Office Erie. 

J.  R.  Raynsford Montrose. 

E.  P.  Wilbur  &  Co South  Bethlehem. 

Agricultural  E.\periment  Station State  College. 

Signal  Office Pittsburgh. 

E.  H.  Baker Williamsport. 

New  Era,  .     .  Lancaster. 

State  Normal  School, Clarion. 

Clarion  Collegiate  Institute Rimersburg. 

E.  S.  Chase, Eagles  Mere. 

Thiel  College Greenville. 

D.  G.   Hurley Altoona. 

Armstrong  &  Brownell Smethport. 

J.  E.  Forsythe Butler. 

James  H.  Fones Tionesta. 

Wister,  Hacker  &  Savage, Germantown. 

W.  J.  Thompson  &  Co., Clifton  Heights. 

Steward  M.  Dreher Stroudsburg. 

State  Normal  School, Millersville. 

E.  C.  Wagner Girardville. 

Hartford  P.  Brown Rochester. 

L.  H.  Grenewald, York. 

J.  E.  Pague Carlisle. 

C.  L.  Peck, Coudersport. 

H.  D.  Miller Drifton. 

Smith  Curtis Beaver. 

M.  Tannehill, Confluence. 

S.  C.  Burkholder Pollock. 

Robt.  M.  Graham Catawissa. 

Henry  F.  Bitner, Millersville. 

A.  J.  Edelman Pottstown. 

A.  M.  Wildman Langhorn. 

N.  E.  Graham, East  Brady. 

B.  F.  Gilmore, Chambersburg. 

Frank  M.  Morrow, Altoona. 

A.  Simon's  Sons Lock  Haven. 

E.  W.  McArthurs, Meadville. 

J.  K.  M.  McGovern Lock  No.  4. 

Raftsman  s  Journal, Clearfield. 

W.  S.  Ravenscroft,  .  Hyndman. 

R.  C.  Schmidt  &  Co Belle  Vernon. 
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The  FkANKLiN  Institute  is  not  responsible  for  the 
statements  and  opinions  advanced  bv  contributors  to  the 
Journal. 

On  KOYL'S  parabolic  SEMAPHORE. 


\Report  of  tlw  Contnnttcc  on  Scicnct   and  tin-  Arts^ 


[No.  142!.]  Hali.  of  the  Franklin  Institute, 

Philadelphl-k,  March  4,  1889. 

Your   committee,  appointed   to  e.Kamine  the    system  of 

signalling  devised  by  Prof.   C.  Herschel    Koyl,  for  use   on 

railroads  and  described  in  the  United   States  letters-patent, 

No.  384,170,  issued  June  5,  18S8,  copy  of  which  is  annexed, 

Report  that .  They  have  examined  the  semaphore  in  use 
on  the  road  and  carefully  considered  the  claims  made  by 
the  inventor  and  announced  in  the  paper  read  by  him  before 
the  Franklin  Institute,  at  the  meeting,  Wednesday, 
November  21,  1888. 

The  semaphore  proposed  by  Mr.  Gregory,  in  1841,  has 
been  so  universally  introduced  on  the  leading  railroad  lines 
as  to  require  little  comment.  Professor  Koyl's  invention 
Wholi   No.  Vol.  CXXVIII— (Third  Series,  Vol.  xcviii.)  6 
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makes  the  semaphore  not  onh-  as  useful  at  night  as  during 
the  day,  but  it  also  adds  \.o  its  utility  during  the  daylight, 
when  the  arm  can  be  seen,  bv  reason  of  its  exceeding  white- 
ness from  the  reflection  of  the  skw  after  it  has  been 
dropped   tci   the  position   indicating,  safety. 

Professor  Koyl's  semaphore  arm  is  made  in  a  curve 
approximating  a  parabola,  parth-  covered  with  glass 
slightly   corrugated   to   scatter   the   light. 

The  parabolic  surface  is  illuminated  at  night  bv  a  lamp 
placed  in  the  focus  of  the  paraboloid,  and  the  lamp  being  pro- 
tected on  the  plane  of  the  horizontal  arm  of  the  semaphore 
by  red 'glass,  shows  a  strong  red  band  upon  the  line  of  the 
track  and  for  a  considerable  distance  each  side  of  the  track, 
so  as  to  be  seen  b)-  the  men  on  the  engine  when  approach- 
ing the  signal  cm  a  curve  of  the  road. 

The  lower  part  of  the  lantern  used  .to  illuminate  being 
made  of  clear  glass,  the  arm  when  dropped  to  (say)  45°, 
passes  out  of  the  red  rays  of  the  light  and  is  made  to  reflect 
the  light  of  the  lamp  and  so  to  present  a  strong  contrast  to 
the  red  signal  of  danger  \-isible  when  the  arm  is  in  a 
horizontal  position. 

The  arm  itself  being  from  se\-cn  to  eleven  inches  wide, 
is  painted  bright  red  o\-cr  its  surface,  with  the  exception  of 
the  medial  band  of  ccuTugated  silver  glass,  which  is  four 
inches  wide.  The  mass  of  the  signal  board  being  red.  can 
be  seen  during  the  dav  in  a  horizontal  positiim  as  well  as 
the  present  semaphore  arm,  made  straight  without  any 
reflecting  surface.  ^Vhen  the  arm  has  fallen  to  the  safety 
position,  the  glare  from  the  strip  of  glass  lighted  by  the 
skv  only,  miakes  the  signal  more  striking  during  the  day 
than  the  arm  in  .common  use,  while  at  night  it  presents  the 
great  advantage  of  giving  the  same  red  band  when  the  arm 
is  up.  and  white  when  it  is  down,  as  is  visible  by  day. 

(  1)  Any  improvement  in  the  semaphore  that  will  permit 
it  to  be  seen  more  elearlv  during  the  dav  is  worthy  of  atten- 
tion. 

The  parabolic  semaphore  can  be  seen  when  dropped  to 
an  angle  of  (say)  45°,  as  a  white  band  of  light,  more  clearly 
than  the  fallen  arm  of  the  ordinarx'  kind.     This  is  a  marked 


Aug.,  i88q.]  k'oy/'s  Parabolic  Siiiiap/iorc.  83 

advantage,  as  the  safetv  sign  is  one  so  stronglv  emphasized 
and  readily  seen. 

(2)  The  semapht)re  being  the  standard  day  signal,  it  is 
verv  desirable  that  the  night  signal  shall  be  the  same  as 
that  used  by  day. 

The  parabolic  semaphore  accomplishes  this  object. 

(3)  In  making  any  change  in  the  signals  of  a  railroad, 
that  invention  commends  itself  that  can  be  used  withoiit 
any  great  change  in  devices  already  m  use  and  considered 
standard. 

The  parabolic  semaphore  can  be  placed  on  the  same  irons 
now  used  to  carry  the  ordinar)- semaphore,  which  is  valuable 
onlv  during  davlight;  and  there  is  nothing  new  to  be  learned 
by  the  trainmen. 

(4!  This  signal  admits  of  the  adoption  of  other  colors  than 
red  and  white,  for  since  the  reflecting  surface  gives  to  the 
eye  whatever  colors  the  lantern  used  is  arranged  to  furnish, 
several  colors  can  be  expressed  by  one  lantern  at  different 
angles  of  dip. 

151  The  band  of  corrugated  glass  reflecting  the  red  light 
of  the  lantern  at  night  being  but  four  inches  wide  and  being 
imbedded  in  the  wider  surface  of  the  semaphore  arm  is  well 
protected  and  less  liable  to  be  damaged  than  is  the  case 
with  numerous  small  mirrors  at  many  angles  on  the  ordi- 
narv  plane  arm  (which  had  been  tried!  and  is  much  moi'e 
perfect  in  its  action. 

Your  committee  have  considered  the  action  of  the  instru- 
ment, both  in  regard  to  the  extreme  distance  at  which  it  can 
be  seen  and  also  in  regard  to  the  nearness  of  approach  of 
the  observer  to  the  post  supporting  the  arm,  and  they  find 
it  fully  meets  the  requirement,  as  the  distinct  color  of  the 
mirror  ceases  to  be  visible  to  the  engineer  only  within  about 
fifty  feet  of  the  post  in  passing  it  and  is  clearly  visible  from 
a  much  greater  distance  than  the  ordinary-  plane  arm.  After 
the  red  band  of  reflected  light  has  ceased  to  be  clearly 
visible,  by  reasons  of  the  nearness  of  the  obsen^ers,  the  arm 
is  then  visible  as  an  object  lighted  by  the  lantern.  This 
obtains  in  a  marked  degree  when  in  a  horizontal  position. 

Thev  feel  that  it  fullv  meets    the    claims   made   for  it  b\- 
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the  inventor  as  expressed  in  the  paper  read  before  the  Insti- 
tute, a  copy  of  which  is  herewith  submitted.  In  considera- 
tion of  the  value  of  the  invention,  intended  to  add  to  the 
safety  of  the  travelling  public,  your  connnittee  recommend 
the  award  of  the  John  Scott  Legacy  Pkemium  and  Medal 
to  Prof.  C.  Herschel  Koyl  for  his  parabolic  semaphore. 
[Signed]  Coleman  vSellers, 

Chairman  Stib-Conuiiittee. 
G.  Morgan  Eldridge, 
Bernard  Ramke, 
Lino  F.  Rondlneli.a. 
Adopted,  ■April  j,  iSSp. 

[Signed]  S.  Lloyd  Wiegand, 

Chairman  of  the  Committee  on  Seienee  and  the  Arts. 


(The  following  additional  facts  have  been  furnished  by 
Professor  Koyl.) 

The  experience  of  the  past  nine  months  has  done  much 
to  demonstrate  the  value  of  the  parabolic  semaphore  in 
practice  and  to  eliminate  the  defects  of  its  early  construc- 
tion. 

In  developing  the  glass  of  the  reflector,  the  approximate 
formula  for  divergence  originally  given  was  found  not 
sufficient  for  practical  purposes,  and  the  glass  is  now  made 
in  accordance  with  the  following  formula,  v/hich  is  mathe- 
matically accurate.  To  diverge  the  light  16°  from  the  direc- 
tion of  the  axis  requires  the  surface  of  the  glass  to  make 
an  angle  of  8°  with  the  parabola,  and  this  is  attained  at 
blending  intervals,  for  both  directions  from  the  axis,  and 
for  any  intermediate  degree  of  divergence  by  a  wave  surface 
in  which,  if  the  wave  length  be  three-eighths  inch,  the  ampli- 
tude must  be — 

5'8  inch  X     ^^^^'    8°  =  approximately  -000  inch  ; 
4  stn. 

and  vertical  divergence  is  gained  by  a  wave  surface  at  right 
angles  to  this,  so  that  when  one  is  superposed  upon  the 
other,  divergence  in  all  directions  is  the  result.     The  appear- 
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ance  of  the  glass  is  shown  in  Fig.  /.and  the  accuracy  of  the 
formula  will    appear   from    the   following-   demonstration  in 
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which  the  wave  surface  is  represented  (see  Fig.  j),  with  the 
circles  from  segments  of  which  it  is  made  and  in  which — 

bg  =  wave  length  ; 

be  =  %  wave  length  ; 

ab  =  amplitude; 
the  angle  deb  =  %°  : 
and  the  triangles  deb  and  cob  are  similar,  so  that — 

ab  —  \  -—  COS.  8°  (or  vers.  .S°) ; 
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ab  :  be  =  vers.  8°  ■  sin.  S°,  and 
ab  =  be 
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lvers.%^^ 
\  sin.  H°  I 

=   ^'^-  X  -"^^  8° 
4  SI//. 

=  -006  +  inch. 

It  WHS  further  found  desirable  to  have  the  illumination 
of  the  signal   uniform  from  its  outer  limit  of  visibility  to 


Fig.  2. 

the  foot  of  the  pole,  and  for  this  purpose  the  tipper  edge  of 
the  glass  has  been  curved,  as  shown  in  Fig.  j,  and  the  band 
of  light  is  now  visible  on  the  track  in  immediate  proximity 
to  the  foot  of  the  pole. 

There  has  never  been  any  question  of  the  value  of  the 
signal  at  night,  since,  if  enginemen  are  instructed  to  run 
by  the  position  of  the  blade,  color  being  used  to  distinguish 
"  home  "  from  "  distant  "  signals,  the  trains  are  relieved  from 
accidents  which  might  follow  the  breaking  of  a  red  or  a 
green  glass  in  the  ordinary  signal,  or  the  engineman's  mis- 
taking a  light :  but  the  appearance  of  the  parabolic  sema- 
phore bv  da\-  is  not  onlv  striking  but  most  important. 
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It  has  long  been  an  eyesore  to  theorists  and  sticklers  for 
consistency  that,  though  red  is  used  as  the  danger  signal  at 
night,  a  train  must  in  the  daytime  regard  that  same  red  as 
a  safety  signal  if  only  the  board  is  at  ,45^  instead  of  being 
horizontal :  or,  in  other  words,  they  argue  that  as  long  as 
color  signals  are  in  use,  the  safety  signal  by  day  should  be 
not  only  at  45^,  but  ichitc ;  and  for  the  first  time  in  the 
histor\'  of  signalling,  a  semaphore  which  is  red  when  hori- 
zontal is  brilliantly  white  when  dropped,  the  effect  being 
due,  of  course,  to  the  reflection  of  the  sky  light  which 
passes  through  the  vicinity  of  the  focus  to  the  blade,  and 


further  adding  to  the  utilit\-  of  the  signal  in  that  it  becomes 
verv  conspicuous,  and  the  necessity  for  a  sky  background  is 
obviated. 

The  full-page  illustrations  show  as  nearly  as  may  be  the 
appearance  of  the  signal  in  its  "danger"  and  "safety" 
positions,  by  day  and  by  night,  and  it  is  seen  that,  in  both 
cases,  for  "  danger"  the  signal  is  horizontal  and  red.  and  for 
"safety"  45°  and  white.     (See  Frontispiece.) 

Fig.  4.  shows  the  semaphore  in  elevation  and  plan. 

Distant  signals  are,  of  course,  similarly,  green  and  white, 
and  no  movements  ever  take  place  in  the  lamp  or  in  the 
colored  glasses  which  are  part  of  it. 
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The  parabolic  semaphore  being  both  distinct  and  dis- 
tinctive, finds  its  greatest  usefulness  in  the  vicinity 
of  cities  where  lights  are  numerous,  in  wooded  tir  hilly- 
country,  where  the  background  is  dark,  and  near  curves, 
where  it  is  necessary  that  the  signal  shi:)uld  quickly  catck 
the  attention  of  engine  or  trainmen. 


■^mi'  ©w 
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The  present  condition  of  the  glass,  which  has  been  in  ser- 
vice during  the  winter,  relieves  all  anxiety  on  the  score  of 
permanency,  and  snow-storms  have  not  been  found  seriously 
to  detract  from  the  utility  of  the  signal,  because  dry  snow 
never  lodges  on  the  blade,  and  wet  and  frozen  snow  are 
themselves  excellent  reflectors. 
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•OTLS      C.     WHITES      AD[USTABLE       EXTENSION 
MOVEMENT  in   BALL-and-SOCKET  JOINTS. 


\_Riporl  of  the   Coininittcc  011   Science    and  the   .//'/.<•.] 


[No.    I416.]  H.M.L  OF  THK    P'RANKLIK    INSTITUTE, 

Philadelphia,  March  4,  1889. 
The  Sub-Committee  of  the  Committee  on  Science  and  the 
Arts,  constituted  by  the  Franklin  Institute  of  the  State 
•of  Pennsylvania,  to  whom  was  referred,  for  examination, 

OTIS    c.    white's    adjustable     e.xtension    movement    in 
ball-and-socket   joints. 

Report  that :  This  invention  consists  of  a  ball-and-socket 
joint,  with  the  novel  and  original  feature  of  permitting  a 
longitudinal  adjustment  of  a  rod  through  the  axis  of  the 
ball,  in  addition  to  the  ordinary  swivelling  and  rotating 
movements,  and  of  firmly  clamping  the  rod  in  any  desired 
position. 

The  construction  by  which  this  is  accomplished  will  be 
understood  by  referring  to  the  accompanying  tracing  (Fi^.  i). 

The  ball  B  is  made  in  three  separate  segments,  with 
sufficient  space  between  them  to  allow  for  contraction.  The 
clamping  sockets  C  C  have  each  a  narrow  annular  bearing 
fitting  the  surface  of  the  ball  sufficiently  near  the  equator 
to  produce  a  powerful  wedging  action.  A  conical  opening 
in  each  socket  permits  an  oscillation  of  60^  or  more.  The 
sockets  are  held  together  by  two  bolts,  D  and  F,  having 
adjusting  nuts,  /and  ./,  on  their  lower  ends,  in  addition  to 
which  the  bolt  D  has  on  its  upper  end  a  nut  with  operating 
handle  F..  This  arrangement  permits  a  delicate  adjustment 
■of  the  amount  of  compression,  which  the  motion  of  the 
lever,  by  forcing  the  clamps  together,  will  produce  upon 
the  central  rod. 

In  addition  to  its  mechanical  functions,  this  joint  pos- 
.sesses  the   merit  of    not   being   dependent   upon    accurate 


90 


Coinniittcc : 


[J.F.I. 


SBi^tioi'i  ^ 


J=^l322- 


Fig.  I. 
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Fig.  4. 
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fitting  for  its  adjustability  or  holding  power,  because  each 
part  automatically  finds  its  bearings  and  receives  its  share 
of  the  stresses.  For  nearly  all  commercial  purposes,  the 
joint  can  be  made  without  any  tool  finish.  The  ball  seg- 
ments are  cast  separate  and  hollow,  bearing  on  the  central 
rod   only  at   their   ends,  and  are  held  apart  by  a  flat  steel' 


spring  bent  in  the  form  of  a  cylinder  and  placed  in  this 
hollow  space.  The  annular  bearings  of  the  clamps  can  be 
cast  on  chills  and  the  bolt-holes  can  be  cored,  so  that  the 
joint,  while  being  superior  in  the  convenience  and  rapidity 
of  its  adjustments  and  the  firmne.ss  of  its  grip,  and  supply- 
ing  a   new    and    additional     movement   to    the  ball    joint. 


Fic.  6. 

can  at  the  same  time  be  more  cheaply  manufactured  than 
any  other  device  known  to  your  committee  which  will 
accomplish  the  same  purposes. 

The  invention   is  capable  of    numerous   useful   applica- 
tions,  manv   of    which    were    examined.     Its   originalitv   is 
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attested  by  the  broad  claims  allowed  in  Patent  No.  259,957. 
granted  to  Otis  C.  White.  June  20,  1882. 

We  recommend  award  of  the  John  Scott  Legacy  Pre- 
Miu.M    AMI   Mkhai.  to  Otis   C.  White  for  his   adjustable 
extension  movement  in  ball-and-socket  joints. 
[Signed]  Wm.  H.  Thorne, 

Chairman    Sub-L  ommitlec. 
Thos.  p.  Con  a  r  I), 
D.  E.  Crosby. 
W.  M.  McAllister. 
Louis  H.  Spellier. 

C.  Chahot. 
Adopted.  April  ,,  i88<^. 

[Signed]  S.   Llovh  Wieganh, 

Lhairniaii  of  tin   Lomwittcc  on  Scifnci-  and  the  Arts. 


The    experimental     DETERMINATION     ok    the 
LAW  OF  VARIATION  of  the  ELECTRO-MOTIVE 
FORCE  IN  THE  ARMATURE  of  a  WESTING- 
HOUSE    DYNAMO.* 


Bv  Le\vi>  Seaking  and  Samuel  V.  Hoffman. 

In  the  mathematical  discussion  of  alternating  currents, 
it  has  been  customary  to  as.sume  the  law  of  variation  of 
E.  M.  F.  as  that  of  a  sinusoid.  Previous  experiments  to 
determine  this  law  have  been  made  upon  machines  contain- 
ing no  iron  in  the  armature.  Recently,  Dr.  Louis  Duncan, 
of  the  Johns  Hopkins  L^niversity,  has  conducted  experi- 
ments in  which  he  found  that  this  assumption  was  approxi- 
mately true  with  the  Siemens  machine. 

We  propose  to  investigate  this  law  upon  a  machine  con- 


*  Graduation  Thesis  at  Stevens  Institute  of  Technology.  Hoboken,  N.  J., 
1888. 
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taining  iron  in  the  armature.  To  observe  the  eifect  pro- 
duced by  varvin<2^  the  conditions,  we  imposed  the  foUowiny": 

(i)  Field  cuneiit,   .     .     215  amperes;  load,  =    o;  speed,  =  1,000 

(2)  "  "         .     .     4'3  "  "       =    o;       "       =  1,000 

(3)  "  •■         .     .     4-3  "  ••       =  14;       "       =  1,000 

• 

The  machine  used  was  the  No.  i  Westint^liouse  l)\-namo 
in  the  electrical  laboratory  of  the  Stevens  Institute ;  rated 
at  sixtv-fi\-e  horse-power,  and  requiring'  a  current  of  seven 
amperes  in  the  field,  when  run  at  its  full  capacity.  The 
pcnver  convenientlv  available  beini;'  onl\-  a  thirt\'-fi\"e  horse- 
power Buckeye  engine,  accounts  for  the  small  figures 
taken' for  the  conditions. 

MKlHoli. 

The  method  used  was  suggested  b\'  Dr.  ^\'.  Iv  ("rever,  of 
the  Institute,  who  had  employed  it,  as  early  as  1881,  on  a 
continuous-current  machine.  It  consists  in  measuring  the 
difference  of  potential  existing  between  the  brushes  for  an 
instant  of  time,  at  anv  angular  position  of  rotation  of  the 
armature,  by  charging  a  condenser  and  discharging  it 
through  a  high  resistance  galvanometer. 

In  the  practice  of  this  metlrod  it  was  necessar\-  to  devise 
some  means  of  closing,  for  an  instant,  the  shunt  circuit 
across  the  brushes  to  the  galvanometer,  while  the  armature 
was  in  the  desired  position  of  rotation.  To  effect  this,  the 
following  apparatus  was  devised  :  A  ring  of  brass  A'  \Fig.  i) 
was  sprung  around  the  turned  portion  of  the  bearing  nearest 
the  pullev,  and  to  this  was  secured  the  piece  A,  to  which,  at 
B,  was  hinged  the  piece  i,  held  against  ./  b\-  a  spring  and 
adjustable  outward  by  the  screw  D.  At  the  upper  end  of 
t'was  secured  a  block  of  hard  rubber  /:,  and  to  this  was 
fastened  the  plate  carr\-ing  the  steel-wire  spring /■',  bv  which 
contact  was  made  with  the  steel  piece  6",  highly  tempered 
and  ground  to  an  edge  in  the  direction  of  its  length.  The 
steel  piece  G  was  fastened  to  the  end  of  the  armature 
furthest  from  the  commutator,  with  its  ground  edge  parallel 
to  the  shaft  by  means  of  a  V-shaped  brass,  //,  and  at  such  a 
distance  from  the  shaft  as  to  just  pass,  in  its  motion  with  the 
armature,  the  contact  spring  I-.     In  holding  //  to  the  arma- 
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tiire.  hard  rubber  was  used  as  an  insulator  and  electrical 
connection  made  between  it  and  one  of  the  commutator 
rings  bv  a  rubber-covered  wire  running  through  the  air 
space    in    the  armature.     Fastened    to    the   bearing  of  the 


ir^i3^&Jl 


Fig.   I . 


machine  was  a  graduated  are  of  1 20  ,  concentric  with  the 
brass  ring.  A  pointer  /'.on  .-J.  served  to  determine  the 
angular  position,  in  degrees,  of  the  armature  at  the  moment 
of  contact,  at  which  time  the  E.  M.  F.  existing  in  the  arma- 
ture was  measured. 
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The  contact  spring  F,  as  finally  adopted,  consisted  of  a 
steel  wire  o-034  inches  in  diameter,  bent  as  shown  in  Fig.  6. 
One  end  was  inserted  in  the  hole  A',  and  secured  there  by 
a  set  screw,  and  the  free  end  passed  through  a  hole,  slightly- 
larger  than  the  wire,  at  ./,  sufficiently  far  to  make  contact 
with  the  rotating  piece  G. 

Fig.  2.  is  a  diagram  of  the  connections.  A  represents  the 
wire  of  the  armature ;  B,  B.,  the  brushes ;  M  the  main  circuit ; 
C^  the  steel  contact-piece  revolving  with  the  armature  and 
connected  with  />,.  C\  makes  connection  with  the  condenser, 
C,  once  per  revolution  by  coming  in  contact  with  the  steel 
spring,  C,  connected  with  the  condenser  by  the  line  wire. 
B.^  is  placed  in  connection  with  the  condenser  by  the  wire 
and  the  discharging  key,  as  shown. 
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The  necessity  of  placing  the  measurintr  instruments  a 
considerable  distance  from  the  dvnamo  introduced 
a  difficulty  in  the  shape  of  self-induction,  due  to  a 
long  line.  This  we  overcame  as  much  as  possible  by  using 
bare  copper  wire  O'OoS  inch  in  diameter.  This  line  was 
supported  on  glass  rods,  fastened  to  wooden  supports, 
except  for  a  distance  of  seven  feet  where  they  were  fastened 
to  a  pine  board  for  protection,  and  for  about  four  feet  where 
they  passed  through  glass  tubing.  The  wires  ran  parallel 
4'5  inches  apart  their  whole  length,  a  distance  of  i  50  feet. 

The  measuring  apparatus  used  was  a  "  high  resistance 
Thompson  reflecting  galvanometer,"  with  its  accompaning 
shunts  \,  g'^  ,  g^,  and  two  mica  condensers  of  one  micro- 
farad capacity  (variable,  etc.),  all  of  Elliott  Bros.,  London, 
The  scale  used  with  this  galvanometer  was  placed  thirty- 
three  inches  from  the  needle  and  had  divisions  measuring 
forty  to  the  inch. 
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The  first  difficulty  experienced  in  measuring  was  that 
arising  from  the  large  static  charge  induced  in  the  line 
wires  and  the  metal  of  the  machine  by  the  action  of  the 
belts.  The  first  step  towards  removing  this  w^as  to  connect 
the  body  of  the  machine  with  the  ground,  and  to  furnish 
pointed  wire  collectors  to  the  belts,  also  connected  with  the 
ground.  Although  this  removed  much  of  the  charge,  there 
still  remained  enough  to  charge  the  O'l  motive  force  con- 
denser, and  give  with  the  one-ninth  shunt  a  mean  but  not 
very  constant  deflection  of  twenty-one  divisions.  As  one 
volt  gave  a  deflection  of  about  three  divisions  with  the  one- 
ninth  shunt,  this  would  have  seriously  interfered  with  our 
measurements.  At  first,  it  was  a  question  whether  we  were 
measuring  the  potential  of  the  condenser  due  to  the  static 
charge,  or  that  due  to  the  dynam^o.  The  following  con- 
siderations, however,  show  that  we  were  really  measur- 
ing the  E.  M.  F.  of  the  dynamo;  for,  suppo.se  the  con- 
denser had  become  charged  from  the  belts,  etc.,  to  a  poten- 
tial greater  than  that  which  the  armature  would  furnish, 
then,  as  soon  as  the  contact  piece  completed  the  circuit 
which  includes  the  condenser  and  armature,  the  condenser 
would,  bv  reason  of  its  greater  potential,  immediately  dis- 
charge itself  through  the  armature  until  its  potential 
equalled  that  of  the  armature,  which  is  the  E.  M.  F. 
we  would  measure.  If,  however,  the  condenser  was  charged 
to  a  potential  less  than  that  of  the  armature,  then 
iipon  completion  of  the  circuit,  the  armature,  from  its  being 
able  to  supply  an  infinitely  larger  current  than  the  belts, 
etc.,  would  charge  the  condenser  instantly  to  its  own 
E.  M.  F.,  which  is  what  we  measure,  as  before.  More- 
over, our  experiments  showed  that,  in  this  particular  case, 
the  current  from  the  "belts  required  quite  a  perceptible 
time  to  charge  this  condenser,  and  give  even  a  measurable 
charge.  An  additional  fact  that  no  error  was  introduced 
by  this  static  charge  is  evident  from  the  regularity  of  the 
readings  and  the  smoothness  of  the  curves. 

Two  revolution  counters  were  used  during  the  test ;  the 
first  was  an  ordinarv  one,  which  was  held  in  place  by  hand 
while  taking  speed.  This  was  superseded  by  a  second,  the 
Whole  No.  Vol.  CXXVIII.— (Third  Series,  Vol.  xcviii.)  7 
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pinion  of  which  engaged  with  a  worm  inserted  in  the  end 
of  the  dynamo  shaft.  This  counter  was  arranged  to  be 
thrown  in  and  out  at  will,  and  the  number  of  revolutions 
automatically  recorded. 

The  order  of  procedure  in  applying  this  tnethod  was  as 
follows :  The  dynamo  and  instruments  for  measuring' 
potential  being  about  1 50  feet  apart,  in  separate  rooms,  the 
observers  in  each  room  were  connected  by  telephone  and 
bell.  The  dynamos  being  started  and  everything  made 
ready,  signals  were  exchanged  to  that  effect.  Then  the 
observer  in  the  dynamo  room  adjusted  the  contact  apparatus 
for  the  first  position,  numbered  12'-,  observed  the  indication 
of  the  ammeter  in  the  field  circuit,  which,  if  not  as  desired, 
was  made  so  by  adjusting  the  resistance  in  that  circuit,  rang 
"  ofo  ahead  "  sienal  to  the  observer  in  the  measuring:  room 
and  upon  receiving  his  answer,  threw  in  the  speed  counter 
and  noted  the  time.  The  observer  in  the  measuring  room, 
immediately  upon  answering  the  "go  ahead"  signal,  com- 
menced a  series  of  measurements  of  E.  M.  F.  of  the  con- 
denser, by  noting  the  swing  of  the  galvanometer  needle,  as 
follows :  The  charging  key  was  placed  in  "  charge  "  position 
and  left  there  a  few  seconds.  One  reversing  key  was  then 
closed  and  almost  simultaneously  the  condenser  was  dis- 
charged through  the  galvanometer.  As  soon  as  the  galva- 
nometer needle  came  to  rest,  another  charge  was  measured. 
These  measurements  occupied  from  three  to  four  minutes. 
Upon  the  completion  of  each  series  of  measurements,  "go 
ahead  "  was  signaled  to  the  dynamo  room  for  the  contact  to 
be  changed  to  the  next  position,  and  the  above  operations 
repeated.  Speed  was  usually  counted  for  three  minutes,  or 
nearly  the  whole  time  of  measuring,  and  therefore  the  aver- 
age speed  for  each  series  was  obtained  quite  accurately. 
The  variation  in  the  field  current  during  a  series  was  never 
over  0'2  of  a  division  ^  0^04  ampere,  hence  no  correction 
has  been  introdiiced  for  this.  The  speed  in  some  cases 
changed  quite  perceptibly.  To  be  able  to  make  a  correction 
for  this,  we  determined  the  law  of  variation  of  E.  M.  F.  with 
the  speed  in  this  machine.  To  do  this,  we  made  simultane- 
otis  measurements  of  speed  and  E.  M.  F.,  the  latter  at  posi- 
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tion  of  contact  apparatus  which,  gave  the  highest  readings, 
i.  c\,  34°,  a  point  in  the  upper  part  of  the  curve.  This  law, 
as  represented  by  a  curve,  showed  a  direct  variation,  it  being 
almost  a  straight  line.  Upon  this  the  cotTcctions  for  speed 
were  made,  the  value  of  the  E.  M.  F.  being  computed  for 
1,000  revolutions  per  minute. 

At  the  beginning  and  end  of  each  run,  which  occupied 
about  four  hours,  any  variation  of  7/  was  observed  by  notic- 
ing the  swing  of  the  needle  produced  by  ihe  condenser  when 
charged  from  a  cell  of  Leclanche  battery,  kept  especially  for 
that  purpose.  The  variations  were  so  slight  that  they  have 
not  been  introduced  in  our  corrections. 

The  corrections  to  be  applied  to  the  readings  of  the 
galvanometer  were : 

(It  A  geometrical  one,  from  the  fact  that  the  swing  of 
the  spot  of  light  measures  the  hr;i  2  u,  while  the  charge  is 
proportional  to  sin  \  a. 

(2)  A  correction  due  to  the  induction  of  the  shunts. 

(3)  A  correction  for  the  ratio  of  the  shunts. 

(4)  The  resistance  of  the  air  to  the  swing  of  the  needle. 

(5)  The  correction  for  speed. 

The  first,  second  and  fourth  corrections  were  obtained 
in  one  experiment,  by  comparing  six  gravit}^  E.  M.  F. 
cells,  which  were  approximately  of  the  same  E.  M.  F. 
by  the  condenser  method.  Then  by  using  one  of  the 
shunts  employed  in  the  regular  work,  we  noted  the 
swing  produced  by  i,  2,  3,  and  so  forth  cells  coupled  in 
series.  Knowing  the  exact  comparative  values  of  E.  M.  F. 
wh^ch  the  coupled  cells  ought  to  give,  and  by  experi- 
ment the  swing  they  did  give,  and  taking  the  latter  for 
ordinates  and  the  former  for  abscissae,  we  obtained  a 
curve  for  converting  the  one  into  the  other.  This  curve 
approached  very  closely  to  a  straight  line,  the  ordinates  (or 
galvanometer  readings)  of  which  are  about  four  per  cent, 
greater  than  the  abscissas  (or  E.  M.  F.  values).  This  correc- 
tion was  made  graphically. 

The  shunt  ratio  and  induction  correction  wei^e  obtained 
in  one  experiment,  and  amounted  to  076  of  one  per  cent., 
which  was  neglected. 
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The  correction  for  speed  was  also  made  by  the  graphical 
method,  and  afterwards  tested  by  logarithms. 

The  instrument  used  for  measuring  the  field  current  was 
a  portable  Thompson  galvanometer,  and  for  measuring  the 
main  current  of  the  Westinghouse,  the  Westinghouse 
ammeter  usually  accompanying  the  machine,  which  was 
previously  calibrated  by  a  continuous  current.  This  instru- 
ment could  not  be  relied  upon  within  o'25  of  a  division  with 
the  current  we  used. 

The  main  circuit  was  through  a  large  German-silver 
rheostat,  strung  overhead  in  the  dynamo  room.  When 
running  at  night,  some  of  this  ctirrent  was  used  for 
lighting. 

SPRINGS. 

Upon  the  apparatus  for  obtaining  almost  instantaneous 
connection  between  the  armature  and  condenser,  or,  more 


Fig.  3.  Fic,   4. 

strictly,  upon  the  pieces  which  come  in  such  rapid  contact, 
1,000  per  minute,  depends  the  success  of  this  method.  Our 
difficulties  and  the  manner  of  overcoming  them  may  be  of 
assistance  to  others.  In  the  first  arrangement  of  these 
pieces,  the  end  of  the  brass  V,  H  (Fig.  j).  which  was 
fastened  to  the  revolving  armature,  came  in  contact  with 
the  spring  F,  made  of  a  strip  of  spring  brass,  f  X  -g-'j-incli, 
and  bent  in  the  form  shown  in  the  figure.  With  this  spring 
the  wear  was  such  as  to  cut  through  the  thin  brass  in  about 
two  hours,  and  as   this  wear  materially  lengthened  the  arc 
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of  contact,  we  were  compelled  to  abandon  it.  We  then 
replaced  the  brass  spring  with  pieces  of  clock  spring,  of 
several  widths  and  thicknesses,  tempered  throughout,  soft- 
ened at  ends,  softened  at  the  middle,  and  softened  through- 
out:  but  even  the  most  durable  of  these  did  not  last  over 
an  hour.  The  majority  of  them  broke  at  .S.  We  then  tried 
the  brass  spring  again,  this  time  capped  with  steel  at  its 
point  of  contact  to  prevent  wear.  This  lasted  about  two 
hours.  We  next  tried  a  heavy  brass  spring  (^  X  ^2')'  tipped 
with  steel,  made  as  shown  in  Fig.  7.  The  part  A  has  a 
spring  outward  and  is  held  in  check  by  B.  The  object  of 
restraining  the  outward  tendency  of  A  is  an  important  one, 
and  is  to  shorten  its  time  of  vibration  to  much  below  0^00 1 
minute.     The  next  arrangcnient  is  shown  in  Fig.  5.     The 


H 


^ 

^ 

1 

1 

Fig.  5. 

piece  H  in  passing  struck  against  a  steel  pin,  which  action 
forced  it  inward  against  a  light  spring  coiled  about  it.  This 
arrangement  produced  such  a  jarring  and  such  a  wear  on  H 
as  to  make  its  use  impracticable.  From  the  experience  of 
these  springs  we  learned  the  causes  of  failure :  one,  that 
the  springs  used  were  much  too  heavy,  and  another,  the 
most  essential,  that  the  path  of  the  contact  point  of  H  was 
parallel  to  the  surface  of  the  part  with  which  it  came  in 
contact,  producing  a  direct  blow  and  slide ;  whereas  the 
path  of  each  should  have  been  tangent  to  each  other,  in 
order  that  the  parts  would  approach  and  immediately 
recede,  thus  allowing,  by  rneans  of  the  adjusting  screw,  a 
contact  of  almost  any  delicacy.  The  longer  the  arc  of  con- 
tact, the  result  of  construction  or  wear  of  parts,  the  greater 
the  variation  between  readings  taken   at  any  point  in  the 
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curve.  To  prevent  this,  we  arranged  to  have  a  knife-edge 
of  hardened  steel  strike  the  end  of  a  very  light  steel-wire 
spring  (•034  inch  diameter),  as  described  in  a  former  part  of 
this  paper. 

The  first  spring  used  was  bent  as  in  Fig:  6,  but  without^ 
the  coil  at  G,  and  broke  at  the  point  where  it  was  clamped 
by  the  set-screw,  before  the  end  of  a  run.  We  then  coiled 
it  twice  at  G,  care  being  taken  in  fastening  it  to  have 
the  coils  press  firmly  against  the  plate,  in  order  that  the 
bending  should  be  confined  to  the  coils.  These  springs 
would  last  about  six  or  seven  hours,  and  were  readily  and 
accurately  replaceable ;  so,  to  avoid  the  annoyance  of  break- 


arc  of  contact  piece 
Fig.  6. 

age,  a  new  spring  was  used  for  each  run.    We  then  obtained 
a  clear  yet  light  contact  that  was  in  every  way  desirable. 

TABLES. 

Tables  giving  the  results  of  the  observations  were  made, 
a  very  short  abstract  of  one  being  here  given  to  illustrate 
the  form. 

The  first  column  on  the  left  gives  the  position,  in  degrees, 
of  the  arc  previously  mentioned,  at  which  contact  was  made. 
This  arc,  of  which  the  0°  was  arbitrarily  assumed,  was  for 
the  purpose  of  measuring  the  abscissae  of  the  curve,  and  for 
determining  the  position  of  the  armature  coils  in 
reference  to  the  field  magnets  for  any  E.  M.  F.  in  the 
armature  coils.  The  o  of  the  curve  happened  to  come 
between  position  14°  and  15°,  and  as  the  readings  about 
these  points  were^  uncertain,  we  started  measuring  at  a  point 
a  trifle  before  the  curve  cut  the  axis. 
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Column  2  gives  the  shunts  used,  and  as  the  condenser 
was  generally  the  same  value  throughout  a  run,  its  value 
has  been  placed  at  the  head  of  the  tables  and  any  change 
noted  in  the  column  of  "  Remarks." 

Column  3  contains  the  actual  readings  (right  and 
left)  made  on  the  galvanometer  scale. 

Column  4  is  the  mean  of  these  readings  reduced  to  a 
value  which  would  be  given  by  the  -gig-  shunt. 

f        \ 

/  \ 

I:  \ 

li  \ 

li  \- 

fi  \ 


CONDITIONS. 
MAIN  CIRCUIT  OPEN. 
F'ELD  CURRENT      4.  3  AhC 
SPEED  1000  Rev, 


V 
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II 
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Fig.  7. 

Column  5  contains  the  readings  with  all  corrections 
applied,  but  reduced,  as  in  column  4. 

The  remaining  columns  explain  themselves. 

These  curves  were  taken  under  the  same  conditions,  in 
pairs,  so  as  to  verify  each  other,  as  in  Fig.  7,  and  then  the 
mean  readings  of  the  two  plotted,  as  in  Fig.  8.  In  order  to 
show  how  closely  they  follow  the  "sine  law,"  a  sinusoid  has 
then  been  traced  over  them  and  is  the  inner  line.  Fig.  8.  and 
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as  will  be  seen  on  inspection,  the  agreement  is  quite  close ; 
the  most  marked  difference  occurs  between  the  positions 
i6°  and  27°,  36°  and  48=,  and  on  the  reverse  curve,  positions 
52°-63°,  72°-84=,  where  there  is  a  sort  of  bulging  out  in  the 
■direction  of  rotation  of  the  armature.  The  cause  of  this  is 
not  known,  so  far  as  we  are  informed. 


M&AN  OF  CURVES  N0.3  A,  6. 
'  ;l  SINUSOID. 

i'j  PARAaOLA 


Fig.  8. 

The  direction  of  rotation  of  the  armature  is  shown  by 
the  arrows. 

Fig.  8  shows  only  one  branch  of  the  curve.  Over  this 
curve  has  also  been  traced  a  parabola,  the  focus  being  at 
the  point  O.  While  the  curve  cannot  be  said  to  follow  the 
"parabola  law,"  as  it  has  two  branches  and  the  parabola 
only  one,  still  it  will  be  noticed  that  the  parabola  is  much 
nearer  the  true  curve,  for  one  branch  onlv,  than  the  sinusoid. 
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Curve  No.  1. 

Conditions. — Main  circuit  consisted  of  about  36  ohms  German-silver  wire  in  parallel  with  eleven  lamps 
of  16  candle-power  in  series.     Field  current,  4"3  amperes. 


I.     Microfarad  Condenser. 


May  8, 1888. 
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Curve  No.  i. 
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HEATING  ANU  VENTILATION  of  PUBLIC 
BUILDINGS. 


Bv  Thomas  Elkinton. 


In  the  sixth  month  number  of  The  Student,  for  1888,  was 
published  an  article  furnished  by  me  at  the  request  of  the 
editor  on  the  subject  of  "  Ventilation,"  which  treated  of  a 
few  general  principles,  and  of  their  applicability  to  dwell- 
ings and  other  buildings,  but  the  scope  of  the  article  did 
not  cover  more  than  the  commencement  of  the  subject  and 
did  not  touch  upon  any  of  the  methods  of  accomplishing 
the  desired  results. 

It  is  a  hopeful  sign  that  the  public  mind  is  becoming 
more  and  more  awake  to  our  needs  for  improved  ventilation 
in  large  buildings  and  to  realize  that  while  good  progress 
has  been  made  in  civil  and  mechanical  engineering,  and 
much  attention  paid  to  architecture  and  substantial  build- 
ing, sanitaiy  engineering  and  hygiene  have  been  greatly 
neglected. 

Probably  one  reason  for  so  little  progress  having  been 
made  in  these  matters  is  that  in  the  first  place  the  problems 
are  realty  ver\-  difficult  ones  to  deal  with,  and  the  ability  to 
deal  with  them,  though  obtained  partially  by  study,  comes 
better  by  more  extended  and  continued  observation  than  is 
usually  given  to  it,  and  very  unfortunately,  ventilation  is  a 
subject  on  which  one  is  tempted  to  enjoy  a  confidence 
inversely  as  the  extent  of  his  knowledge. 

With  every  one  thus  the  director  of  his  own  ventilation 
and  his  own  plans  of  hygiene,  the  demand  for  persons 
skilled  in  the  profession  in  these  lines  has  heretofore  been 
verv  limited,  and  buildings  for  generations  have  been 
erected  with  but  little  provision  for  a  proper  air  supply  for 
the  inmates ;  and,  as  a  result,  the  hygienic  condition  of 
most  of  our  buildings  is  far  from  creditable  to  an  age 
pretending  to  civilization  and  refinement. 

Professor  Morse,  in  his  Japanese  Homes  and  their  Surround- 
ings, remarks  that  a  Japanese  "would  look  upon  the  usual 
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public  gatherings  of  our  people  in  lecture-halls,  school- 
rooms and  other  closed  apartments  *  *  *  as  filthy  in 
the  extreme."  A  judgment  which  the  sooner  we  realize  as 
correct,  and  the  sooner  we  aim  to  render  untrue,  the  better 
for  our  general  health. 

As  a  rrile,  the  offices  in  which  business  men  spend  most 
of  their  time  become  very  foul  when  the  weather  requires 
the  windows  closed;  lecture-rooms  generally  dismiss  their 
audiences  in  profuse  perspiration,  and  with  lungs  which 
have  been  bathed  with  the  exhalations  of  many  others  ;  and 
court-rooms  and  other  places  of  mixed  assemblages  hold 
their  .occupants  and  attendei\s  for  hours  in  an  atmosphere 
totally  unfit  for  the  health  of  human  beings. 

These  evils  being  apparent  to  the  most  careless  observer, 
and  the  necessity  for  improvement  partially  acknowledged, 
the  next  step  is  the  arousing  of  public  interest  to  the  point 
of  declining  to  rest  short  of  their  removal,  and  to  publish 
methods  by  which  this  may  be  effected. 

As  above  intimated,  the  first  idea  to  disiniss,  is  that 
properly  heating  and  ventilating  a  large  building,  as  it 
should  be  done,  is  an  easy  thing  to  accomplish,  and  that 
while  we  must  not  stop  short  of  good  results,  far  in  advance 
of  what  we  have  as  an  average  been  heretofore  contented 
with,  we  must  realize  that  perfection  is  a  matter  of  the 
future,  or  at  least  not  of  the  immediate  present. 

He  who  deals  with  currents  of  air  finds,  in  its  elasticity, 
laws  of  motion,  temperature  and  moisture,  features  which 
baffle  him  at  unexpected  turns,  however  long  his  experience 
and  close  his  observation. 

Experience,  however,  does  teach,  and  knowledge  is  power, 
even  when  dealing  with  air,  and  although  we  may  be  but 
upon  the  threshold  of  what  we  may  in  the  future  accomplish 
in  heating  and  ventilating  our  buildings,  we  have  already 
enough  at  command,  if  we  v.-ill  but  use  it,  to  vastly  increase 
our  physical  comfort  and  welfare,  and  may  leave  to  our 
successors  to  improve  as  they  can  upon  our  methods  and 
.appliances. 

Another  matter  to  be  dismissed  from  the  public  mind  is 
the  idea  that  heating  and  ventilation  are  to  be  satisfactorily 
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obtained  without   pa\'ing  a  reasonable  price  for  both  plant 
and  maintenance. 

Too  often  is  it  the  case  that  the  expenditure  of  a  few 
thousand  dollars  for  matters  of  architectural  efTect  or  decora- 
tion of  interiors  is  borne  with  greater  equanimity  than  the 
expenditure  of  an  equal  amount  for  the  more  useful  appli- 
ances of  a  good  and  healthful  air  supply  for  the  inmates. 

It  is  not  well  to  build  and  finish  offensive  to  the  eye,  but 
much  better  to  fail  to  please  the  eye  than  to  fail  of  an 
adequate  food  for  the  lungs,  and  to  entail  consequent 
impoverishment  of  the  blood. 

To  heat  without  ventilation  may  be  done  at  compara- 
tively little  cost,  but  as  the  ventilation  for  large  and  con- 
tinuous occupancy  means  the  changing  of  the  volume  of 
air  at  short  intervals,  the  cost  will  be  greater,  though  not 
in  proportion  to  the  number  of  changes  and  not  in  propor- 
tion to  the  increased  benefit. 

Fifty  years  ago,  buildings  were  heated  by  stoves  and  had 
no  provision  for  change  of  air  beyond  the  leakage  of  the 
doors  and  windows  and  the  flow  (^f  air  through  the  walls. 
It  may  be  remarked  in  passing,  that  a  room  heated  by 
stoves  will  remain  for  a  short  time  surprisingly  pure  in  its 
condition,  because  of  the  rapid  transfer  of  the  lower  strata 
to  the  upper  bv  the  currents  induced  by  the  hot  surfaces  of 
the  stoves,  but  when  the  volume  of  the  room  becomes  uni- 
fonnly  bad,  as  it  quickly  does,  the  condition  cannot  be 
described  in  terms  of  refinement. 

No  public  buildings  now  are  constructed  without  some 
recognition  of  the  importance  of  ventilation,  but,  as  a  riile, 
the  recognition  is  scarcely  more  than  in  appearance,  pro- 
viding, as  they  do,  only  partial  outlets  for  foul  air  with 
scarcely  any  opportunity  for  the  inflow  of  pure  air,  the  fact 
being  seemingly  constantly  overlooked,  that  while  the 
provisions  for  the  passage  of  foul  air  are  well  enough  in 
themselves,  they  are  of  little  account  without  provision  for 
the  inflow  of  pure  air. 

It  is  true,  windows  and  doors  afford  inlets  for  air,  but  as 
the  choice  between  pneumonias  and  neuralgias  and  the 
evils  of  foul  air  are  not  worth  discussing,  all  such  sources 
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of    air    supply   is    to    be  dismissed    from   a  discussion   of 
apparatus  adapted  to  American  winters. 

Much  difference  of    sentiment  exists  as  to    the  proper 
temperature  for  rooms  best   promotive  of  the  comfort  and 
health  of  the  occupants,  and   the  ideas  of  different  nations . 
present  curious  phases. 

Curtis  tells  us  that  the  Chilians,  with  a  climate  similar 
to  that  of  Washington,  think  that  fires  in  a  house  are 
unhealthful,  and  wear  their  heavy  wraps  indoors  as  well  as 
out,  and  although  coal  is  cheap  and  wood  abundant,  sit  in 
their  houses  with  noses  blue  and  teeth  chattering,  and  at 
fashionable  gatherings  women  appear  in  evening  dress, 
with  the  thermometer  between  40^  and  50°.  He  also  states 
that  the  mortality  from  lung  and  throat  complaints  is 
reported  to   be  immense. 

The  Englishman,  too,  sits  in  his  large  parlor  with  a 
small  grate,  and  considers  himself  comfortable  with  the 
thermometer  in  the  fifties. 

'  The  proper  temperature  for  every  individual  is  probably 
that  at  which  he  is  most  comfortable,  and  this  will  vary 
with  the  physical  condition  and  manner  of  dressing;  one 
who  dresses  very  warmly  needs  but  little  for  wraps,  and 
-will  be  oppressed  with  a  temperature  agreeable  to  one  who 
makes  more  difference  between  indoor  and  outdoor  wear. 

As  "comfortable"  points,  however,  are  not  in  use  on  the 
thermometer  scales,  we  must  express  ourselves  by  the 
degrees  marked  upon  them,  and  in  practice  an  average 
amount  of  comfort  may  be  secured  in  our  latitude  by  about 
'65°  for  audience  chambers,  where  the  occupants  sit  with 
their  wraps,  69°  to  70°  for  schools,  and  1°  or  2°  higher  for 
parlors,  with  elderly  people  in  the  family. 

Heating  a  building  is  generally  attended  to  so  far  as 
providing  against  its  being  too  cold,  but  the  regulation  of 
the  temperature  to  provide  against  overheating  and  for  the 
supply  of  a  proper  volume  of  pure  air,  are  points  which  are 
very  seldom  secured. 

Omitting  for  the  moment  the  regulation  of  the  tempera- 
ture and  considering  the  volume,  and  without  citing  all  the 
authorities  as   to  what  constitutes  a  proper  air  supply  per 
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capita,  it  may  be  briefly  stated  that  they  vary  from  ten  cubic 
feet  to  sixty  feet  per  minute,  the  lower  estimate,  however, 
being  based  upon  the  theory  of  each  one  in  an  audience 
receiving  at  each  inhalation  a  supply  of  pure  air,  and  dis- 
charging it  where  it  cannot  be  again  used,  a  condition  only 
possible  out  of  doors  in  a  stiff  breeze. 

Sixty  cubic  feet  of  air  per  capita,  per  minute,  for  an 
audience,  school-room,  or  class-room,  with  much  more  for 
the  sick-room  and  the  hospital,  will,  it  is  to  be  hoped,  at  an 
early  dav  be  acknowledged  as  the  requirement  for  good 
ventilation,  but  in  the  present  stage  of  education  in  these 
matters  it  is  probably,  as  a  matter  of  expediency,  better  not 
to  state  the  scientific  requirement,  but,  in  order  not  to  defeat 
the  rising  tide  of  healthful  sentiment,  name  forty  cubic  feet 
per  minute  per  capita  as  a  satisfying  quantity  for  the  time. 

Forty  cubic  feet  per  capita  per  minute  means  for  a  class- 
room with  thirty,  1,200  feet  per  minute;  for  a  parlor  of  fifty 
visitors,  2,000;  for  a  school-room  of  100,  4,000;  for  a  lecture 
or  court-room  of  500,  20,000;  and  for  an  audience  of  1,000, 
40,000  cubic  feet;  and  lastly,  for  the  larger  audience  of 
2,500,  100,000  cubic  feet  (5f  air  per  minute,  as  the  requi-site 
air  supplies  for  a  moderate  estiijiate  of  the  human  needs 
when  thus  assembled. 

How  many  of  the  buildings  of  the  day  are  thus  furni.shed 
with  an  air  supply  like  this,  or  anywhere  approximating  it. 

Doubtless,  these  figures  are  startling  to  such  as  have  not 
considered  them,  but  they  are  not  unreasonable,  even  if  we 
have  lived  for  many  years  with  but  one-fourth  or  less  of  the 
supply,  when  we  have  been  at  lectures  and  elsewhere  in 
large  audiences  and  crowded  rooms. 

Suppose  each  of  our  heads  were  encased  for  a  minute  in 
an  air-tight  box  less  than  three  and  one-half  feet  dimension 
for  each  side,  or  forty  cubic  feet  capacity,  and  had  taken  about 
a  dozen  full  inspirations  and  expirations  of  our  lungs,  would 
we  not  deem  it  proper  to  have  a  fresh  box  at  the  expiration  of 
that  minute,  especially  if,  instead  of  having  the  air-tight 
box  exclusively  for  our  own  use,  we  were  sharing  our 
exhalations  with  a  neighbor,  and  in  turn  were  partaking  of 
the  exhalations  of  his  lungfs  ? 
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An  audience  room  for  i,ooo  seats  on  floor  and  galleries 
would  be  about  sixty  feet  wide,  eighty  feet  long  and  twenty- 
five  high,  and  contain  120,000  cubic  feet,  and  the  introduc- 
tion of  40,000  cubic  feet  per  minute  would  change  the  entire 
volume  once  in  three  miniites,  or  twenty  times  per  hour,  a» 
change  which  it  is  to  be  hoped  the  future  will  deem  little 
enough,  but  is  immensely  in  advance  of  the  average  present 
usage,  which  probably  often  does  not  change  more  than 
three  or  four  times  per  hour,  if  even  that  frequently.  F'or 
reasons  which  I  cannot  explain,  unless  it  be  that  for  the 
same  percentage  of  vitiation,  the  unpleasant  odor  developed 
is  less  when  the  air  is  quickly  changed  than  when  it  is 
slowly  changed,  I  am  inclined  to  the  view  that  there  will, 
for  large,  crowded  rooms,  be  the  same  apparent  sweetness, 
on  a  less  inflow  /(V  capita,  than  in  a  smaller  room  with 
fewer  in  it.  Thus  in  a  class-room  of  thirty,  with  at  least 
twenty  feet  per  capita  of  inflow,  the  room  has  seemed  more 
foul  to  me  than  a  lecture-room  crowded  by  an  audience  of 
500  persons  did  with  the  same  supply  per  capita,  or  10,000 
cubic  feet  per  minute,  and  I  am  satisfied  that  a  sitting-room 
with  three  or  four  occupants  and  closed  doors  will  not 
remain  pleasant  short  of  sixty  cubic  feet  per  minute  air 
supply,  and  that  a  class-room  requires  forty  feet  per  capita, 
and  that  a  larger  audience  will  be  equalh-  comfortable  with 
a  little  less ;  but  without  explaining  these  difl^erences,  I 
would  have  the  air  supply  whenever  possible  up  to  these 
requirements. 

The  degree  of  temperature  and  the  volume  of  air  per 
minute  to  be  maintained  having  been  fixed  upon  for  otir 
needs,  further  details  remain  to  be  considered. 

There  are  probably  but  a  few  buildings  in  existence  in 
this  country  in  which,  on  continued  occupancy  by  large 
assemblies,  the  temperature  does  not,  in  a  short  space  of 
time,  rise  to  an  uncomfortable  degree,  even,  it  may  be,  so 
much  as  20°  in  the  course  of  an  evening  or  single  session, 
and  be  maintained  at  these  points,  although  the  closing  of 
registers  and  radiator  valves  has  discontinued  the  source  of 
applied  heat.  Apart  from  the  heat  of  the  lamps  and  gas 
lights,  the  main  source  of  increased  heat  comes  from  the 
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audience,  each  one  of  whom  is  a  human  stove  of  gS°  tem- 
23erature,  radiating  what  with  a  few  in  a  room  is  scarcely 
perceptible,  but  with  many  produces  a  great  increase,  and 
hence  it  is  that  while  for  the  warming  of  a  room  in  cold 
weather  previous  to  its  occupancy  the  incoming  air  must  be 
at  a  comparatively  high  temperature,  it  must  be  greatly 
reduced  after  the  human  stoves  have  occupied  the  room  and 
their  wraps  and  outside  clothing,  cooled  by  the  weather 
before  reaching  the  room,  have  become  of  the  same  tem- 
perature as  the  room. 

As  we  are  considering  only  the  problems  of  cold  weather, 
we  dismiss  as  dangerous  and  barbarous  the  relief  of  over- 
heated rooms  by  the  opening  of  doors  and  windows  to  the 
outside  air,  and  can  allow  of  no  arrangement  but  that  which 
supplies  the  place  of  the  outgoing  impure  air  with  that 
which  is  fresh  and  has  been  properly  warmed. 

Considering  next  the  principles  to  govern  the  arrange- 
ments for  the  exit  of  foul  air  from  occupied  apartments, 
there  has  been  more  or  less  controversy  as  to  whether 
ventilation  should  be  from  top  or  bottom,  with  the  probably 
now  well-accepted  result  that  both  are  correct,  according  to 
circumstances. 

In  a  room  with  few  occupants,  the  greater  part  of  the 
air  exhaled  from  the  lungs  cools  and  falls  to  the  floor,  being 
also  increased  in  specific  gravity  by  the  impurities  added  to 
it  in  the  process  of  breathing,  and  hence  for  sitting  rooms 
and  chambers,  the  floor  line  (not  the  line  above  the  wash- 
board, as  mechanics  often  insist  and  too  many  architects 
allow)  is  the  proper  level  for  the  foul  air  outlets. 

Doubts  have  been  expressed  by  well-informed  men  as  to 
the  necessity  and  importance  of  floor  ventilation ;  but 
besides  the  obvious  advantage  of  drawing  off  the  layer  of 
cool  air  apt  to  rest  upon  the  floor  level,  the  experiments  of 
the  late  John  M.  Whitall,  some  years  ago  in  the  sick  wards 
of  the  Philadelphia  Hospital,  by  which  he  found  that  as  he 
lowered  the  outlet  for  foul  air  by  successive  steps  until  he 
placed  them  at  the  floor  line,  he  lowered  the  sick  rate  of  the 
ward,  demonstrates  too  conclusiveh'  to  admit  of  cavilling 
Whole  No.  Vol.  CXX\  III.— (Third  Series.  Vol.  xcviii.)  8 


1 14  Elkinton  :  ( j.  k.  I., 

the  importance  of  floor-line  ventilation  for  rooms  of  small 
occupancy. 

It  is  true,  a  portion  of  the  lung  exhalations  are  volatile, 
and  to  be  found  at  the  top  of  the  room,  and  for  these  and 
the  heated  gases  from  lamps  and  gas-lights  a  small  outlet 
at  the  ceiling  would  be  correct;  but  as  open  registers  at  the 
ceiling  would  on  ordinary  occasions  be  but  an  outlet  for 
pure  air,  and  a  waste  of  fuel  in  consequence,  it  is  safe  to 
dispense  with  them  in  ordinary  sitting-rooms  and  chambers 
and  tiaist  to  the  dilution  of  the  upper  strata  by  the  warm 
air  rising  from  the  registers  to  the  ceiling  and  thence  falling 
to  the  floor  and  passing  out  at  the  floor-line  vents. 

For  parlors,  however,  where  large  companies  are  to  be 
occasionally  entertained,  it  is  better  to  provide  ample  ceiling 
ventilation  for  reasons  presently  stated,  but  to  be  careful  to 
keep  them  closed  ordinarily. 

The  volatile  exhalations  which  are  found  at  the  top  of 
the  room  become  more  worthy  of  attention  as  the  occupancy 
increases  in  numbers,  and  they  become  perceptible  "odor" 
to  visitors  fi^om  the  fresh  air,  and  the  question  arises.  Which 
is  the  lesser  evil,  to  provide  for  their  removal  at  the  risk  of 
wasting  pure  air  and  fuel  and  destroying  the  floor  ventila- 
tion, or  to  endure  the  slight  odor,  which,  if  the  air  supply  is 
at  all  reasonable,  is  not  serious  in  itself? 

With  the  usual  risks  of  unskilfirl  handling  of  registers 
by  careless  or  indifferent  attendants,  it  is  probably  better 
to  dispense  with  the  ceiling  ventilation,  but  with  skilful 
and  interested  caretakers,  it  would  probably  be  as  well  in 
class-rooms  and  similar  rooms  to  have  ceiling  registers,  with 
rigid  rules  for  closing  them  when  the  rooms  are  not  occupied, 
taking  care  also  that  the  ceiling  outlets  shall  at  best  not 
exceed  in  area  one-fourth  of  that  at  the  floor  line. 

In  large  and  crowded  rooms,  like  lecture  and  court-rooms 
and  meeting-rooms,  the  problem  again  changes.  In  these 
cases  the  air  supply  will  or  should  be  much  below  that  of 
the  temperature  of  the  human  stoves,  and  from  these  human 
stoves  are  continually  ascending  currents  of  heated  air, 
carrying  with  them  the  exhalations  of  the  lungs,  and  for 
such  rooms,  when  sufficient  inflow  of  air  is  supplied,  the 
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ventilation  may  safely  be  at  the  ceiling;  providing,  however, 
a  trifling  outlet  at  the  floor  for  circulation  purposes  when 
warming  the  room  previous  to  occupancy,  at  which  time 
the  ceiling  outlets  should  be  closed. 

Allusion  ma}-  here  be  made  in  passing,  to  what  has 
doubtless  surprised  many  who  have  attempted  to  relieve 
rooms  which  were  originally  constructed  devoid  of  ventila- 
tion facilities,  by  adding  ventilation  at  the  top  or  by  the 
pulling  down  of  windows.  They  have  reasoned  that  if  a 
room  was  overheated,  the  hot  air  at  the  top  would  escape  if 
opportunity  was  offered,  and  they  reasoned  correctly  to  that 
extent,  but  they  overlooked  the  fact  that  for  all  the  air  that 
escaped  there  must  be  an  equal  volume  to  take  its  place ; 
and  hence  in  the  room  described,  the  supply  would  come  in 
just  where  it  went  out,  or  rather  a  stream  of  hot  air  would 
go  out  one  portion  of  the  opening  and  a  stream  of  cold  air 
pass  in  the  other  part.  As  air  does  not  heat  quickly  from 
itself,  a  chilling  body  of  cold  air,  whether  from  ventilator  or 
window  top,  falls  upon  an  audience,  and  as  they  are  pre- 
viously overheated,  the  sudden  blast  is  a  source  of  danger 
to  them,  and  the  last  state  of  the  audience  is  worse  than 
before. 

An  old-fashioned  meeting-house  in  Philadelphia,  con- 
structed in  the  beginning  of  the  century,  without  ventilator 
appliances,  was  altered  some  thirty  or  more  years  ago  by  the 
addition  of  central  ventilators  in  the  ceiling,  opening  with 
cupola  and  slat-work  through  the  roof,  but  they  were 
unavailable  in  cold  weather  for  reasons  above  mentioned. 

A  year  or  more  ago,  I  tried  the  experiment  of  covering 
one  of  the  ceiling  openings  with  a  sheet  of  metal  perforated 
with  small  holes  not  exceeding  one-fourth  of  an  inch  in 
diameter,  knowing  that  although  the  cold  air  must  come 
through  some  of  the  apertures  as  the  heated  air  passed 
through  other  apertures,  yet  I  had  a  hope  that  as  the  incom- 
ing currents  were  finely  divided  streams,  they  would,  in 
passing  toward  the  floor,  twenty-five  feet  distant,  become  so 
nearly  the  temperature  of  the  room  as  to  become  harmless 
as  to  temperature.  I  was,  however,  disappointed  and  the 
device  proved  useless;  it  might  have  worked  if   the  heated 
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air  had  gone  out  at  alternate  apertures  with  those  at  which 
the  cool  air  came  in,  but  the  probabilities  are  that  the  out- 
going ctirrents  massed  at  one-half  the  plate  and  the  incom- 
ing at  the  other,  and  the  latter  joining  together  as  they  fell, 
made  the  operation  of  the  ventilator  about  the  sarae  as  if  , 
no  perforated  plate  had  been  used.  A-'ery  likely,  if  I  had 
carried  alternate  tubes  to  within  eight  or  ten  feet  of  the 
floor,  with  the  hot-air  apertures  between  the  pipes,  there 
might  have  been  better  success  in  the  result. 

I  was  lately  shown  another  plan  for  relieving  an  oppres- 
sive lecture-room  of  heated  air  and  supplying  it  with  fresh 
air,  but  it  too  was  a  failure,  and  I  consider  all  attempts  at 
ventilation  and  air  supply  as  misspent  means  and  labor, 
unless  they  comprise  ample  facilities  for  warming  or 
tempering  the  inflowing  air  when  the  weather  is  cold. 

Coming  now  to  the  consideration  of  the  methods  of  heat- 
ing rooms  and  buildings,  the  use  of  stoves  and  direct  radi- 
ators placed  in  rooms  must  be  discarded,  because  of  their 
furnishing  no  air  supply  to  the  rooms.  Rome  advantages 
have  been  supposed  to  arise  from  radiated  heat,  because 
affording;  sensible  warmth  and  admitting:  of  cooler  air  for 
breathing,  but  less  stress  is  now  laid  upon  this  than 
formerly,  and  it  is  of  no  practical  account  for  large  atidi- 
ences. 

Openings  are  sometiines  made  adjacent  to  the  ordinary 
direct  steam  radiators  in  rooms,  but  their  action  is  uncer- 
tain, as,  at  times  when  the  wind  is  unfavorable,  the  air  will 
pass  out  through  the  openings  instead  of  into  the  rooms, 
and  when  the  weather  is  very  cold  and  the  wind  favorable 
for  the  air  supply,  the  portion  of  steam  surface  presented  to 
the  current  of  air  is  inadequate  for  its  warming,  and  the 
aperture  is  closed  because  the  room  cannot  be  kept  warm 
enough  on  account  of  the  cold  current. 

Hot-air  furnaces  are  an  advance  upon  stoves,  because  all 
the  heating  done  by  them  is  accompanied  by  a  volume  of  air 
of  greater  or  less  amount,  and  for  years  to  come,  for  many 
private  and  some  public  buildings  of  moderate  size,  hot-air 
furnaces  will  probably  be  used,  and  within  reasonable  limits 
may  answer  a  fairly  satisfactory  purpose. 
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The  besetting  shortcoming  of  the  day,  however,  is  that 
the  furnaces  for  buildings,  whether  private  or  public,  are 
altogether  inadequate  in  capacity  for  the  work  that  ought 
to  be  done,  and  the  air  supplv  to  the  furnace  and  the  flues 
for  conducting  the  air  to  the  rooms  are  seldom  half  the  size 
they  should  be.  The  consequence  is  that  many  buildings 
cannot  be  wanned  in  zero  weather  by  their  furnaces,  the  air 
supply  is  never  sufficient  for  the  occupants,  and  as  the 
furnaces  are  often  necessarily  forced  and  without  water 
evaporation,  the  air  is  supplied  at  a  high  temperature,  and 
the  floating  particles  in  the  air  being  burned  upon  the  over- 
heated surfaces,  the  quality  of  the  air  furnished  to  the 
living  rooms  is  baked,  unpleasant  and  unwholesome. 

It  will  be  urged  that  larger  furnaces  will  cost  more  to 
erect  and  run,  which  is  true  as  to  first  cost,  but,  within 
certain  limits,  not  true  as  to  maintenance,  because  it  is 
quite  as  expensive  to  run  a  small  furnace  beyond  its  capacity 
as  it  is  to  run  a  furnace  better  proportioned  to  the  work. 

In  building  flues  for  inflow  and  outflow,  it  is  not  well  to 
build  smaller  than  twelve  inches  square  because  of  friction, 
the  total  area,  I  think,  should  equal  one-third  of  a  square 
foot  for  every  1,000  cubic  feet  of  contents.  This  will  bring 
controversies  between  owners  and  builders;  but  I  have  a 
hope,  future  owners  and  builders  will  be  willing  to  plan 
their  flues  first  and  adapt  the  balance  of  the  house  to  them. 
In  large  buildings  flues  eighteen  inches  square  are  a  good  size. 

With  furnaces  or  any  other  method  of  heating,  there 
should  be  provision  for  changing  the  temperature  of  separate 
apartments,  without  such  regulation  of  the  furnace  as  incon- 
veniences other  parts  of  the  house,  or  the  closing  of  registers 
and  restricting  the  air  supply.  This  has  seldom  been 
attempted.  Two  cases  of  private  houses  are  within  my 
knowledge,  in  which  the  air  was  taken  at  will  from  the  top 
of  the  furnace  or  from  the  bottom,  but  the  mechanical  work 
was  at  fault  in  one  case  and  the  flues  too  small  in  the  other 
to  be  wholly  successful;  but  these  are  matters  which  experi- 
ence can  quickly  cure. 

In  the  case  of  lecture  or  other  rooms  of  sufficient  size  to 
require  one  or  more  furnaces  for  their  especial  warming,  a 
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simple  device  will  greatly  relieve  the  overheating.  This  I 
accomplished  for  a  meeting-house  in  Philadelphia  by  having 
large  openings  made  in  the  furnace  chambers  above  the 
drums  and  caiising  the  doors  to  these  openings  to  be  worked 
by  the  Johnson  heating  regulating  apparatus,  which  at  the 
same  time  worked  the  draught  of  the  furnaces. 

Thermostats  placed  in  the  meeting-room,  being  set  at  a 
given  point,  the  operation  is  that  when  the  temperature  of 
the  room  rises  above  this  point,  the  draughts  of  the  furnaces 
are  closed,  thus  reducing  the  fire,  and  air  is  admitted  to  the 
furnaces  above  the  drums  and  passes  up  into  the  room  only 
partially  heated  until  the  temperature  falls  to  the  regulation 
point,  when  the  cool-air  opening  is  then  closed,  the  air 
follows  the  usual  course  through  the  heating  chamber  and 
the  draught  is  put  on  the  fire. 

The  foul-air  ventilation  is  at  the  ceiling,  and  the  appa- 
ratus works  very  well  for  an  appliance  made  to  an  ordinary 
furnace ;  and  all  lecture-rooms,  heated  in  the  usual  way  by 
furnaces,  could  be  greatly  improved  in  this  way  at  a  mod- 
erate expense,  although  no  furnaces  of  the  old  patterns  are 
probably  of  sufficient  capacity  and  air  suppl}-  to  meet  the 
proper  demands  of  an  audience. 

The  best  furnaces  for  capacity  and  the  best  arrangement 
of  heating  and  ventilating  by  hot-air  furnaces  that  have  as 
yet  come  to  my  knowledge,  are  the  Rutan  hot-air  furnaces 
and  the  Rutan  arrangem.ent  of  flues,  furnished  and  planned 
by  Smead,  Wills  &  Co. 

These  furnaces  are  so  arranged  that  the  cold  air  passes 
at  will  under  the  furnace  or  through  it,  or  partially  in  each 
way,  and  the  sizes  of  the  flues  are  in  accordance  with  a 
suitable  provision  for  the  ventilation  of  the  building. 

With  the  ordinary  steam  apparatus,  indirect  heating  or 
placing  the  radiators  at  the  base  of  flues  is  relied  on  for  the 
purpose  of  warming  the  air  before  it  enters  the  room,  and 
the  flow  of  air  through  the  flues  is  relied  on  for  the  air 
supply.  The  current  is  thus  dependent  somewhat  upon  the 
amount  of  steam  supply  to  the  radiators,  and  somewhat 
upon  the  suction  or  pull  of  the  foul  air  or  ventilating  flues 
of  the  building. 


Aug.,  18S9.]  Heating  and   I'cntilation.  1 19 

This  indirect  system  answers  partially  well  for  dwellings 
and  rooms  of  but  few  occupants,  but  is  totally  inadequate 
for  the  wants  of  class-rooms  and  rooms  of  many  occupants, 
as  the  diminished  temperature  required  when  the  rooms  are 
full  curtails  the  ascending  force  where  the  most  air  is 
wanted,  and  moreover,  as  the  outside  temperatiire  approaches 
the  inside  requirements,  all  the  systems  of  natural  draughts 
depending  upon  the  difference  in  weight  of  the  outside  and 
inside  columns  of  air  completely  fail  of  their  desired  effi- 
ciency. 

Without  dwelling  at  greater  length  in  illustrating  these 
points,  because  thev  are  probably  obvious  to  all  who  of  later 
years  have  examined  the  subiect  and  have  had  experience 
in  contending  with  the  practical  solution  of  heating  and 
ventilating  problems,  I  think  it  may  safely  be  stated  that 
the  time  has  come  for,  and  the  state  of  .sanitary^  enginering 
edtication  warrants,  the  abandoning  of  all  reliance  iipon 
natural  draughts  in  the  ventilation  and  air  supply  of  all 
large  buildings  or  rooms  of  crowded  occupancy  of  whatever 
character,  private  or  public,  with  perhaps  occasional  excep- 
tions of  single  rooms  opening  directly  at  the  top. 

This  point  being  reached,  there  remains  only  the  consid- 
eration of  its  alternative,  or  forced  ventilation. 

Forced  ventilation  may  be  secured  by  artificially  heating 
the  exhaust  flues  or  shafts,  or  by  exhaust  fans,  either  of 
which  plans  will  withdraw  the  foul  air  from  the  respective 
rooms,  and  thus  induce  an  inflow  of  pure  air  to  the  rooms 
at  the  inlet.  In  some  cases,  perhaps,  thi-s  is  the  most  con- 
venient method  that  can  be  adopted. 

A  minus  condition  to  a  room,  however,  will  induce  cur- 
rents from  all  openings,  as  well  as  those  intended  for  the  air 
supply;  but  the  leakage  from  windows  and  doors  of  cold  air, 
as  well  as  the  quickening  of  the  currents  of  air  cooled  by 
direct  contact  with  the  windows  and  walls,  are  undesirable. 

The  minus  condition  may  also,  in  many  cases  where  the 
inlets  aijd  outlets  of  the  rooms  cannot  be  placed  advanta- 
geously, result  in  a  direct  passage  of  the  pure  air  to  the  out- 
lets without  distribution  through  the  room,  thus  making 
thoroughfares  of  wholesome  atmosphere,  but  leaving  great 
masses  of  stagnant  air  between  them. 
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^'entilation  shafts,  if  cif  much  size,  and  of  a  height  to  be 
effective,  are  expensive,  and  the  cost  of  maintaining  the 
upward  current  by  applied  heat  is  not  economical,  for  the 
experts  tell  us  that  one  pound  of  coal  will  accomplish  twice 
the  work  in  moving  air  when  expended  as  power  that  it  will* 
accomplish  when  expended  as  heat ;  and,  further,  the  con- 
struction of  exhaust  shafts  is  often  incompatible  with 
the  convenient  arrangement  for  large  buildings,  excepting 
b}-  increasing  the  number  of  them  and  largely  adding  to  the 
cost  of  construction. 

On  the  other  hand,  a  plenum  condition  of  a  room,  or  that 
resulting  from  having  the  fresh  air  forced  into  the  rooms, 
obviates  some  of  the  disadvantages  of  the  miniis  or  exhaust 
system,  for  the  pressure  being  upon  all  parts  of  the  room, 
the  cold  air  is  pressed  against  at  all  the  cracks  or  leaking 
places  of  doors,  windows  or  elsewhere,  instead  of  being 
encouraged  to  enter:  and,  again,  an  open  door  from  either 
out-of-doors  or  a  cooler  hall  or  room,  is  not  the  means  of 
having  rude  blasts  of  shivering  air  enter  the  room,  disa- 
greeable and  dangerous  to  the  inmates.  For  hospitals  and 
other  places,  where  it  is  desirable  that  even  small  portions 
of  air  from  a  room  should  not  be  allowed  to  pass  into  other 
parts  of  the  building-,  it  may  be  needful  to  assist  the 
exhaust  flues  of  the  rooms  by  artificial  means ;  but  for  all 
ordinary  buildings,  such  as  school-houses,  lecture-rooms,  etc., 
when  properly  arranged  with  vent  for  each  of  the  rooms, 
the  plenum  svstem  will,  without  doubt,  be  sufficient  and 
most  desirable. 

Fans  have  long  been  used  for  producing  forced  ventila- 
tion in  buildings  and  keeping  the  rooms  in  the  plenum  con- 
dition, and  if  properly  constructed  and  proportioned  to  the 
work,  and  properly  supplemented  with  suitable  air  conduits, 
are  the  best  means  of  accomplishing  the  object  in  view. 

In  many  large  buildings  it  has  been  the  practice  to  use  a 
simple  wheel  of  large  diameter,  with  curved  flanges  or  vanes 
at  the  circumference  displacing  large  vohimes  of  air,  and 
driving  the  same  into  basement  corridors  or  ducts,  from 
which  the  air  passes  through  the  radiators  at  the  base  of 
ITues  leading  to  the  various  rooms  of  the  building. 
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As  a  rule,  the  current  of  air  from  wheels  of  this  charac- 
ter forcing  the  air  into  large  corridors  becomes  of  very  little 
effect  at  a  comparatively  short  distance  from  the  wheel, 
partly  from  the  construction  of  the  wheel  not  being  the  best 
for  exerting  pressure  upon  the  current,  partly  from  the 
leakage  of  the  duct  or  corridor,  and  partly  because  from 
the  size  of  the  corridor  any  pressure  from  outside  winds 
upon  exposed  apartments  would  be  sufficient  to  drive  back 
the  currents  and  prevent  them  from  entering  the  rooms,  by 
cushioning  upon  the  air  in  the  corridor  or  the  supplying 
duct. 

Practicallv,  therefore,  the  fans  thus  constructed  and 
arranged  are  of  little  value,  and  in  one  instance  of  a  large 
institution  within  my  knowledge,  the  superintendent  ceased 
to  use  the  fan,  and  made  openings  at  intervals  into  the 
corridor  for  an  air  supply,  thus  returning  to  the  ordinary 
indirect  heating  system  depending  only  upon  natural 
draughts.  Buildings  arranged  in  this  manner  would  be 
very  much  improved  by  constructing  a  by-pass  or  valve 
work  at  the  base  of  each  fiue,  by  which  the  air  could  at  will 
be  mad^  to  pass  through  the  radiators  or  around  them  for 
the  controlling  of  the  temperature  in  the  rooms  above,  or  if 
a  simple  regulating  apparatus  was  provided  by  which  the 
steam  supply  to  the  radiators  governed  the  temperature. 

The  most  eflfective  apparatus  that  has  yet  been  devised 
for  heating  and  ventilating  large  buildings  of  which  I  have 
any  knowledge,  is  by  the  use  of  an  ordinary  pressure  blower 
attached  to  a  heating  chamber  through  which  it  forces  the 
air,  and  from  which  the  heated  air  is  conducted  in  air-tight 
piping  of  proper  proportions,  branching  off  to  the  various 
rooms  in  the  building. 

For  the  heating  surfaces  of  the  heating  c"hamber  the 
usual  steam  pipes  and  coils  will  answer,  but  the  heating 
chamber  which  much  more  favorably  impresses  me  is  one 
recommended  to  me  by  George  W.  Storer,  of  149  North  Third 
Street,  Philadelphia,  to  whom  I  am  indebted  for  having 
first  called  my  attention  to  the  efficiency  and  economy  of 
applying  to  schools  and  public  buildings  the  system  I  am 
now    attempting    to    describe    and    recommend — a    system 
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which,  it  is  to  be  observed,  has  been  generally  adopted  of 
late  years  for  warming  large  industrial  establishments, 
but  without  the  detail  needful  for  use  where  the  buildings 
are  divided  into  many  apartments. 

The  heater  built  and  used  by  G.  W.  Storer  consists  of* 
two  tiers  of  the  ordinary  pin  radiators,  through  which  the 
air  to  be  warmed  is  forced  by  the  blower. 

There  is  an  advantage  in  banking  the  heating  surfaces 
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of  a  building  in  one  mass,  as  it  puts  the  control  of  the 
steam  upon  a  single  valve,  if  desired,  rather  than  upon  a 
multitude  distributed  all  over  the  building ;  for  although 
this  does  not  relieve  from  care  of  blast  gates  and  registers 
at  the  respective  rooms,  the  care  of  management  of  the 
latter  and  the  cost  of  repair  are  much  less  than  for  steam 
valves. 

I  am  also  disposed  to  believe  that  the  loss  of  heat  in 
carrying  the  heat  to  a  distance  is  less  than  by  a  ramifica- 
tion of  steam  pipes  all  over  the  building,  notwithstanding 
the  superior  carrying  power  of  steam,  but  I  apprehend  there 
has  not  sufficient  experience  been  had  to  determine  this 
point  with  certainty.  • 

Less  radiating  surface  for  the  cubic  contents  of  the 
building  is  required  when  the  radiators  are  concentrated  in 
a  chamber  arranged  as  just  described  than  when  the\-  are 
distributed  around  at  the  different  rooms,  and  the  mains  and 
returns  are  dispensed  with,  and  the  cost  of  steam  fitting  much 
reduced.  The  total  cost  of  the  heating  plant  of  a  building 
by  this  method,  notwithstanding  the  expense  of  blower 
engine  and  piping  for  the  hot-air  ducts,  is  but  little  if  any 
more  than  a  plant  of  the  ordinary  type  of  indirect  steam 
heating. 

The  reason  that  less  heating  surface  is  required  for  the 
same  work  is  because  a  radiator  filled  with  steam  under 
ordinary  arrangement  can  only  affect  the  temperature  of 
the  quantity  of  air  which  comes  in  contact  with  it,  but  is 
capable  of  heating  a  much  larger  volume  than  comes  to  it 
when  influenced  only  by  natural  draughts. 

An  illustration  of  the  capacities  of  these  pin  radiator 
heaters  may  be  mentioned  in  the  results  of  experiments  in 
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1887  with  a  small  model  in  which  each  tier  consisted  of 
three  pin  radiators,  or  six  in  all,  the  air  being-  forced  with  a 
small  blower  of  six-inch  outlet. 

When  the  air  was  forced  through  the  heater  under  a 
pressure  of  four  and  one-half  inches  of  water,  or  say  with  a 
velocity  of  over  7,000  feet  per  minute,  the  temperature  of 
air  was  raised  from  20-'  to  163^,  or  143°:  and  with  the  air 
pressure  of  two  inches  of  water,  or  over  5,000  feet  per 
minute,  the  temperature  was  raised  to  180°,  or  160°.  High- 
pressure  steam,  or  forty  pounds  to  the  square  inch,  was  used 
in  both  these  experiments. 

With  ten  pounds  of  steam  on  the  heater,  and  air  pressure 
two  inches  of  water,  the  temperature  of  the  air  delivered 
was  147°,  or  127°  of  elevation  of  temperature. 

A  model  of  this  size  is  not  to  be  altogether  depended 
upon  for  calculations  of  a  large  plant,  but  the  great  heating 
capacity  of  the  heater  properly  proportioned  cannot  fail  to 
be  apparent,  as  also  the  fact  that  if  two  tiers  of  pin  radiators 
are  kept  filled  with  steam  it  will  be  impossible  for  air  to  get 
past  the  radiators  at  any  velocity  for  convenient  use  for 
heating  purposes,  without  being  sufficiently  warmed. 

In  a  larger  heater  containing  sixteen  radiators  in  each 
tier,  I  purposelv  covered  one-half  the  radiators  as  well  as 
could  conveniently  be  done  in  order  to  test  certain  points 
respecting  the  retardation  by  friction,  thus  exposing  only 
eight  radiators  in  each  tier  to  the  air  supply  of  sixteen 
inches  in  diameter. 

With  so  small  a  radiating  surface  and  so  large  a  pipe, 
the  temperature  was  raised  1 18^  with  an  air  pressure  of  one 
and  one-half  inches  of  water,  or  a  velocity  of  over  4,000  feet 
■  per  minute  :  and  130°  with  one-half  an  inch  pressure,  or 
velocity  of  (say)  2,500  feet  per  minute,  or  a  deliver^'  of  (say) 
3,000  cubic  feet  per  minute — the  outlets  not  being  quite 
equal  in  area  to  the  sixteen-inch  opening.  This  experiment 
must  not  be  taken  for  a  basis  of  close  calculations,  because 
the  radiators  which  were  covered  over  were  filled  with 
steam  at  the  same  time,  and  probably  contributed  some- 
thing to  the  temperature,  although  little  or  no  air  passed 
throuo-h  them. 


124  Elki)iton :  [J.  F.I., 

Making  all  allowances,  however,  and  counting-  the  heat- 
ing surface  of  the  pin  radiator  at  practically  eight  to  eight 
and  one-half  square  feet,  though  nominally  greater,  the 
heating  power  is  very  apparent. 

In  another  series  of  experiments  with  the  heatin'g 
apparatus,  in  which  the  full  capacity,  however,  was  not 
tested,  the  water  of  condensation  was  weighed. 

The  aggregate  experiments  extended  over  an  hour  and 
three-quarters,  the  temperature  was  raised  loo^  on  an 
average,  the  quantity  of  air  passed  through  the  heater  was 
472,508  feet,  and  the  condensation  was  558jS^  pounds  of  water 
— or  reducing  this  to  an  hour,  the  volume  of  air  w-as  270,000 
ctibic  feet  and  319  pounds  of  water. 

Allowing  the  very  low  estimate  of  six  pounds  of  water 
to  one  of  coal,  we  have  fifty-three  pounds  of  coal  as  the 
equivalent  of  work,  or  in  other  words,  one-half  pound  of  coal 
per  hour  raised  2,700  cubic  feet  of  air  100°  in  temperature. 
This  is  a  very  fine  showing,  and  six  pounds  is  a  very  small 
allowance  for  the  evaporation  power  of  the  coal,  but  there 
must  be  a  liberal  counting  on  radiation  of  heat  at  the  boiler 
before  the  steam  reaches  the  heating  chamber. 

Heavy  pressures  of  air  are  not  desirable  for  ordinary 
purposes  of  heating  and  ventilation,  both  on  account  of  the 
strong  currents  to  be  handled  at  the  rooms  and  the  apparent 
loss  of  heat  at  the  point  of  delivery  from  expansion  into  the 
room.  Thfs,  perhaps,  is  not  serious,  but  care  must  be 
taken  to  have  ample  capacity  of  blower  and  engine  for 
maintaining  an  air  supply  in  time  of  storms,  when  the 
pressure  on  exposed  sides  of  a  building  tends  to  neutralize 
the  air  supply  for  that  part  of  a  building.  This  difficulty  is 
well  known  in  ordinary  methods  of  heating,  and  it  is  owing 
to  the  inability  of  the  old-fashioned  wheel  fans  heretofore 
described,  and  the  modern  radial  fans  known  as  the  wing- 
fan  pattern,  to  maintain  a  pressure  upon  a  building,  that 
pressure  blowers,  such  as  are  constructed  for  heating 
and  ventilation  purposes,  are  to  be  preferred,  and  in  fact 
they  are,  I  think,  the  only  kind  of  stifficient  reliability  to  be 
recommended. 

Heating  plants  have  long  been  designed  and  used  essen- 
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tially  upon  the  plan  here  recommended,  Ijut  have  not  been 
entirely  successful,  probably  solely  through  the  want  of 
liberality  in  their  proportions,  but  these  are  defects  which 
observation  will  make  apparent.  It  will  also  require  time 
to  bring  the  system  into  favor,  as  it  will  probably  be  con- 
demned— as  it  has  been  by  thi")se,  who,  upon  greater  knowl- 
edge of  its  merits,  have  adopted  it. 

Future  experience  will,  no  doubt,  greatly  perfect  the 
details ;  but  enough  is  already  known  to  warrant  the  ventui^- 
ing  upon  suggestions. 

I  recommend  taking  a  uniform  pressure  of  one-quarter 
of  an  ounce  as  the  force  of  the  air  supply  in  the  main  piping, 
and  having  the  blower  capacity  per  minute  at  that  pressure 
equal  to  one-tenth  the  cubical  contents  of  the  building  to  be 
heated  and  ventilated. 

In  other  words,  for  a  building  of  500,000  cubic  feet  con- 
tents, the  blower  should  deliver  50,000  feet  per  minute  when 
running  at  a  speed  equivalent  to  one-quarter  ounce  pressure, 
and  taking  for  the  equivalent  velocity  of  the  air  2,000  feet 
per  minute  at  the  points  of  exit  as  the  basis  of  all  calcula- 
tions for  the  delivery  of  volume  instead  of  the  theoretical 
velocity  of  2,584  feet. 

The  blower  should  not  be  calculated  upon  this  basis  at 
its  maximum  capacity,  but  should  be  capable  of  being 
driven  at  a  velocity  increasing  the  air  supply  to  an  ounce  or 
more  pressure  if  required. 

,  The  basis  herein  recommended  indicates  a  capacity  to 
change  the  air  in  the  whole  building  ever}-  ten  minutes  on 
a  normal  speed,  which,  while  not  covering  all  that  may  be 
wanted  in  special  rooms,  is  so  far  in  advance  of  the  prevail- 
ing usage  as  to  answer  for  a  beginning  at  this  stage  of  the 
science,  especialh'  as  the  surplus  power  can  be  held  as  a 
reser^^e. 

In  practice,  the  whole  of  a  building  is  seldom  used  at 
once,  so  that  the  full  capacity  will  seldom  be  invoked,  and 
the  rooms  not  in  use  will,  of  course,  not  be  drawing  upon 
the  air  and  warmth  supply,  and  hence  special  rooms  may  be 
changed  once  in  five  or  three  minutes  if  so  arranged. 

It  is  a  property  of  air  currents  from  a  blower  that  the 
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closing  off  of  part  of  the  outlets  does  not  clog  the  blower, 
as  it  really  runs  the  easier,  the  wheel  in  the  case  simply 
slipping  in  its  own  air  supply  ;  and  as  the  exhaust  steam  of 
the  engine  is  utilized  in  the  heating  chamber,  the  cost  of 
producing  the  currents  and  pressure  upon  the  building  is 
very  slight. 

Great  care  is  needed  in  the  piping  for  this  system,  as  the 
engineers  and  architects  accustomed  to  planning  and  the 
mechanics  skilled  in  the  workmanship  are  at  present  very 
few ;  the  tendency  of  the  former  being  to  pipe  on  too  small 
a  scale,  and  the  latter  to  be  abrupt  in  their  angles  and  rough 
in  their  work. 

As  the  details  must  vary  with  every  building,  only  gen- 
eral principles  can  be  enunciated,  and  these  may  require 
modification  in  special  cases,  but  the  following  may  be  of 
service  as  a  guide: 

The  blower  being  of  the  capacity  indicated,  the  main 
pipes  leading  from  it  must  maintain  the  fiill  cross-section 
of  the  area  of  the  outlet  of  the  blower,  until  the  diverging 
branches  to  the  various  rooms  of  the  building  have  reduced 
the  demand  upon  the  main,  when  the  main  may  be  reduced 
in  section,  care  being  taken  not  too  reduce  too  rapidly; 
small  branch  pipes  of  great  length  are  quite  undesirable ;  it 
is  better  to  so  divide  the  mains  as  to  keep  as  great  a  mass 
of  the  heated  air  together  as  circumstances  will  allow. 

The  niimber  of  branch  pipes  to  each  room  will  depend 
on  the  size  and  circumstances  of  the  rooin.  One  pipe,  of - 
eleven  inches  diameter,  discharging  at  one-fourth  ounce 
pressure  would  deliver  over  1,300  cubic  feet  per  minttte,  but 
two  pipes  of  eight  inches  each  would  deliver  about  the  same, 
and  by  being  at  different  points  in  the  room,  secure  a  better 
distribution.  Unless  for  small  rooms  or  closets,  less  than 
six-inch  outlets  are  not  desirable. 

The  area  of  the  branch  pipe  or  pipes  to  a  room  must  not 
be  less  than  one  square  foot  for  every  20,000  cubic  feet 
capacity  of  the  room,  for  changing  the  air  once  in  ten  min- 
utes, and  of  course  must  be  greater  for  crowded  roams. 

As  a  rule,  the  blast  pipes  should  not  enter  directly  into 
the  room,  but  should  open  into  flues  or  pipes  at   the  rooms 
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■of  four  times  their  area,  in  order  to  reduce  the  velocity  of 
the  inflow  at  the  room.  This  refers  moi'e  particularly  to 
registers  or  inlets  at  the  sides- of  the  rooms,  eight  feet  from 
the  floor,  as  with  this  arrangement  I  have  had  no  inconveni- 
ence whatever  from  currents,  although  the  smaller  pipe 
within  the  flue  delivered  air  at  the  quarter-ounce  pressure, 
or  2,000  feet  per  minute  velocity. 

Where  this  enlarged  flue  cannot  be  had  for  expanding 
the  current,  it  may,  however,  do  to  run  some  risks  of  cur- 
rents. Thus,  in  a  certain  lecture-room  not  originally  con- 
structed for  this  system,  I  have,  through  the  flues,  as  I  found 
them,  driven  three  overhead  streams  of  air,  delivering  not 
less  than  10,000  feet  per  minute,  at  a  velocity  of  2,500  feet 
per  minute,  the  currents  reaching  to  the  opposite  wall,  fifty 
feet  distant,  with  but  a  moderate  annoyance  from  currents 
in  the  room  ;  and  this  annoyance  a  little  change  of  deliver)- 
places  will  probably  remedy. 

Round  pipes  are  better  than  square  pipes,  a  circular  pipe 
one  foot  diameter  delivering  air  more  satisfactorily  than  a 
pipe  one  foot  square,  with  the  saving  both  in  mechanical 
construction  and  in  the  material  proportional  to  the  relative 
circumference,  or  nearly  twenty-five  per  cent. 

Corners  must  alwaj's  be  turned  on  a  perfect  curve.    I  have 

seen  the  delivery  of  pipes  almost   destroyed  by  an   abrupt 

turn,  although  the  outlet  area  was  maintained.     It  follows 

also  that  branches  must  always  diverge  from  mains  at  an 

'  acute  angle,  and  never  at  90°,  to  ensure  full  delivery. 

For  large  audience  rooms  liable  to  be  closely  packed,  the 
best  method  of  entering  the  fresh  air  is  through  the  floor  by 
small  orifices,  so  numerous  and  of  such  area  that  a  steady 
flow  passes  steadily  upwards,  without  serioiis  draught,  to  the 
outlets  at  the  roof  or  ceiling. 

Many  audience  chambers,  however,  cannot  have  the  use 
of  the  basement  or  room  beneath  for  the  necessary  piping  or 
reservoir  of  air,  and  in  that  case,  recourse  must  be  had  to  the 
sides  of  the  room  and  the  oittlets  above  the  heads  of  the 
occupants  eight  or  ten  feet  from  the  floor,  as  may  seem  best, 
according  to  the  height  of  the  room. 

As    all    machinery'  is  liable    to    accident,   the    heating 
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chamber  and  blower  should  be  duplicated  in  cases  where  a 
dela}-  in  heating  would  be  inconvenient.  Thus  for  a  build- 
ing of  1,000,000  cubic  feet  capacity,  instead  of  one  large 
wheel  of  100,000  ciabic  feet  per  minute  capacity,  two  of 
50,000,  with  their  respective  heating  chambers,  would  be 
better,  placing  them  contiguous  to  each  other,  and  arrang- 
ing so  that  one  could  do  the  work  of  the  other  when  tem- 
porarily necessary.  This  could  readily  be  done  by  speed- 
ing ujD  above  the  regular  speed,  and  being  satisfied  for  the 
time  with  a  little  less  air  supply  as  a  whole. 

The  fan  and  heater  and  piping  constitute  the  main  por- 
tions of  the  plant,  but  other  details  are  of  great  importance 
for  controlling  the  temperature  of  the  rooms  to  be  heated 
without  varying  the  air  supply. 

In  the  case  of  large  audience  rooms,  the  simplest  plan 
would  be  to  let  one  blower  ordinarily  be  in  service  only  for 
that  room,  and  regulate  the  temperature  by  the  steam  valve 
of  the  heating  chamber,  either  with  automatic  apparatus 
controlled  by  a  thermostat  in  the  chamber,  or,  if  an  appa- 
ratus is  used  which  will  indicate  the  temperature  of  the 
chamber  in  the  engine-room,  the  hand  of  the  engineer  can, 
without  much  care,  keep  a  steady  temperature. 

This,  however,  will  not  be  available  where  several  or 
many  rooms  are  to  be  heated  by  the  air  from  the  same  main 
pipe. 

To  meet  this  case  in  a  building  where  the  basement  was 
not  required  for  other  purposes,  I  devised  a  simple  applica- 
tion of  the  principle  of  induction. 

In  this  building  the  main  warm-air  pipe  starts  from  the 
heating  chamber  with  a  diameter  of  fifty-four  inches  and 
passes  through  the  central  corridor  of  the  basement,  branch- 
ing out  to  flues  on  either  side  and  diminishing  in  diameter 
to  about  eighteen  inches  at  the  extreme  end. 

The  branch  pipes  of  six,  eight  and  more  and  less  inches 
enter  the  flues  for  the  rooms  and  terminate  in  the  base  of 
these  flues  with  a  short  pipe  above  the  elbow,  the  hot-air 
pipe  being  furnished  with  a  blast  gate  worked  b}-  a  lever  in 
the  class-room.  The  flue  is  about  four  times  the  area  of  the 
blast  pipe,  and  at  the  base  on  the  other  side  of  the  corridor 
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hall  has  a  valve  door,  which,  when  open,  admits  air  from  the 
basement  aronnd  the  blast  pipe. 

The  cool-air  valve  is  also  worked  by  a  lever  in  the  class- 
room, and  the  flue  opens  into  the  class-room  eight  feet  from 
the  floor. 

The  air  in  the  main  pipe  is  intended  to  be  kept  at  a 
steady  pressure  of  one-quarter  of  an  ounce  and  at  a  tem- 
perature according  to  the  weather  to  afford  sufficient  heat 
in  any  part  of  the  building. 

With  the  blast  gates  wide  open,  a  flow  of  warm  air  enters 
the  room  in  a  volume  sufficient  to  change  the  volume  of  the 
room  once  in  ten  minutes,  but  when  the  room  becomes 
heated  to  whatever  degree  is  desired,  say  68°  or  70^,  the 
hot-air  pipe  is  .slightly  closed  and  the  cool-air  valve  is 
opened. 

By  this  operation  the  warm  air  is  slightly  curtailed,  but, 
as  it  is  still  rushing  in  with  considerable  force  and  is  sur- 
rounded with  cooler  air  from  the  opening  of  the  cool-air 
valve  at  the  base  of  the  larger  flue,  by  the  principle  of  the 
injector  or  by  induction,  it  carries  up  a  greater  volume  than 
has  been  shut  olT  from  the  warm-air  pipe. 

It  requires  but  little  care  to  so  adjust  the  valves  as  to 
vary  the  temperature  at  will,  without  diminishing  the 
volume. 

This  plan,  however,  would  not  be  available  in  liuildings 
in  which  the  basement  was  wanted  for  occupancy,  or  where, 
owing  to  surrounding  buildings  or  for  other  reasons,  it  was 
not  easy  to  obtain  the  supply  of  cool  or  tempered  air  at 
every  flue. 

These  contingencies  can  be  met  by  doubling  the  piping 
system,  carrying  hot  air  through  one  system  and  tempered 
air  through  the  other,  and  entering  the  branches  from  both 
into  the  flue  or  directly  into  the  rooms  and  regulating  the 
inflow  by  suitable  valves. 

In  this  arrangement  the  heating  chambers  must  be 
arranged  to  supply  the  air  at  the  respective  temperatures 
required. 

Flues  are  the  better  for  being  in  inside  walls,  rather  than 
oittside,  and  no  fears  of  good  distribution  need  be  enter- 
Whole  No.  Vol.  CXXVIII.— (Third  Series,  Vol.  xcviii.)  q 
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tained,  because  both  inlets  and  outlets  are  on  the  same  side 
of  the  room. 

Where  the  walls  do  not  admit  of  good-sized  flues,  offsets 
in  the  room  should  be  endured  rather  than  small  flues. 

Offsets  may  be  reduced  to  a  ininimum  by  using  metal.   • 

Registers  should  be  dispensed  with  when  the  inflow  is 
regulated  by  other  valves,  and  an  opening  with  a  neat 
border  and  lining  will  soon  be  as  sightlv  to  the  practical 
eye  as  registers. 

Fans  should  be  run  by  their  own  engines,  in  order  that 
the  air  delivery  ma}^  be  controlled  according  to  the  occu- 
pancy of  the  building,  without  reference  to  connections 
w'ith  other  machinery. 

Moisture  should  be  added  to  the  air  after  warming.  In 
one  case  where  I  failed  of  sufficient  quantity  with  a  large 
surface  of  boiling  water,  I  found  a  steam-jet  to  answer. 

Specially  exposed  rooms  must  be  borne  in  mind  and 
specially  provided  for.  Thus  in  an  institution,  the  newest 
part  of  which  is  warmed  on  the  system  described,  the  tem- 
perature was  not  satisfactor)'  for  three  rooms  very  much 
exposed,  the  pipes  to  which  were  small  and  carried  in  out- 
side walls,  but  all  defects  were  cured  by  an  increase  of  the 
air  supply. 

In  conclusion,  the  object  of  this  is  more  for  the  purpose 
of  inciting  investigation  and  much-needed  improvements  in 
the  ventilation  of  public  buildings,  and  places  where 
audiences  gather  and  business  men  spend  their  time  in 
business  hours,  than  to  present  a  basis  for  technical  con- 
tention. 

The  methods  particularly  recommended  may  not  be 
applicable  to  all  existing  buildings,  though  there  are  but  few 
buildings  in  and  near  Philadelphia,  however  recent  their 
erection,  but  that  greatly  need  improvements  in  ventila- 
tion. With  those  who  cannot  suspend  their  judgment  long- 
enough  to  understand  what  is  being  explained  to  them 
without  expressing  either  an  adverse  opinion  or  a  descrip- 
tion of  some  other  system,  it  is  a  thankless  task  to  discourse, 
but  those  who  have  worked  sufficiently  in  the  practical 
work  of  heating  and  ventilation  to  realize  the  real  intricacies 
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of  the  problems  presented,  and  which  vary  with  every 
building,  everything  bearing  upon  the  subject  is  patiently 
considered,  and  with  an  interest  that  pertains  to  seekers  for 
further  knowledge. 

At  the  end  of  ten  years,  after  taking  an  interest  in 
matters  pertaining  to  ventilation,  I  felt  I  was  further  back 
than  at  the  beginning,  and  at  the  end  of  twenty  years  had 
made  but  little  progress.  At  the  present  time,  some  ten 
years  later,  I  am  only  at  the  point  of  starting  fresh,  hoping, 
however,  to  give  some  impetus  to  the  cause,  and  particularly 
to  incite  others  to  go  on  to  more  perfect  work. 


On  the  longitudinal  RIVETED  JOINTS  of 
STEAM-BOILER  SHELLS.* 


Hv  John  H.  Cooper. 


The  initial  statement  to  the  English  Lloyd's  rules  for 
steam  boilers  is  embodied  in  the  following  words :  "The 
strength  of  circular  shells  to  be  calculated  from  the  strength 
of  the  longitudinal  joints,"  which  assures  us  that  this  part 
of  the  boiler  should  be  properly  proportioned. 

To  these  rules  a  memorandum  is  added:  "In  any  case 
where  the  strength  of  the  longitudinal  joint  is  satisfactorily 
shown  by  experiment  to  be  greater  than  given  b}-  this 
formula  (Lloyd's),  the  actual  strength  may  be  taken  in  the 
calculation." 

Later  on,  Lloyd's  rules  (under  the  head  of  "  Periodical  Sur- 
veys," regarding  the  examination  of  boilers  after  they  have 
been  sevei-al  years  in  service)  say:  "The  safe  working 
pressure  is    to  be  determined   by  their   actual   condition." 

These  statements  lie  in  the  line  of  practical  efficiency, 
and  point  to  the  necessity  of  providing  material  in  accord- 
ance with  the  requirement  of  the  load  to  be  carried. 

*  Read  at  the  Nineteenth  Meeting  of  the  American  Society  of  Mechanical 
Engineers,  and  revised  by  the  author  for  publication  in  the  Journal  from 
advance-sheets  of  the  Transactions. 
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Any  one  who  takes  the  trouble  to  collect  and  compare 
data  on  this  subject  cannot  fail  to  notice  the  great  disparity 
of  rules  for  determining  the  working  pressure  permissible 
for  boilers. 

The  case  is  clear  by  simple  reasoning  on  the  data  collated, 
that  boilers  are  held  together,  it  would  seem,  more  by  con- 
formity to  rule  than  by  the  materials  of  which  they  are 
made. 

But,  of  course,  the  true  course  to  pursue  is  to  give  to  each 
member  its  proper  allowance  of  section,  in  order  that  the 
components  of  the  joint  shall  have  an  equal  chance  under 
strain  according  to  its  resisting  power. 

The  diminished  strength  of  the  shell  of  a  boiler  by  the 
longitudinal  joint  is  well  known,  and  it  becomes  good  engi- 
neering so  to  proportion  its  parts  as  to  obtain  the  greatest 
strength  possible  within  the  limits  of  practical  economy. 

When  it  became  necessarj^  to  assure  themselves  con- 
fidently of  the  permanent  safety  of  a  structure  composed  of 
plates  held  together  by  rivets,  engineers  were  not  long  in 
finding  out  that  a  certain  allotment  of  rivet  section  to  plate 
section  at  the  joints  was  necessary,  and  that  these  sections 
were  found  to  be  nearly  equal  in  the  strongest  joints. 

The  experiments  of  Fairbairn,  conducted  in  the  year 
1838,  proved  that — "the  sectional  area  of  the  rivets  in  a 
joint  was  nearly  equal  to  the  sectional  area  of  the  plate 
through  the  rivet  holes." 

Subsequent  experiments  by  Clark  on  riveted  plates  for 
the  Britannia  and  Conway  Tubular  Bridge  fully  corroborate 
the  above  statement ;  his  conclusion  was :  "  The  collective 
area  of  the  rivets  is  equal  to  the  sectional  area  of  the  plate 
through  the  rivet  holes." 

This  relation  of  the  components  of  the  joint  in  course  of 
time  became  embodied  in  the  English  Board  of  Trade  rules 
and  in  Lloyd's  rules  now  in  force,  regulating  the  construc- 
tion of  steam  boilers.  It  also  forms  the  basis  of  the  Phila- 
delphia steam-boiler  inspection  ordinance,  first  formulated 
in  1882. 

Referring  now  to  those  rules  only  which  relate  to  the 
proportions  of   the   longitudinal    joints   of   the   cylindrical 
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shells  of  boilers,  we  are  prepared  to  say  they  may  be  most 
conveniently  presented  by  the  following  notation  and 
formulae : 

NOTATIOxV. 

A  =  Percentage  of  punched  plate  to  the  solid  plate. 

B  =  Percentage  of  driven  rivet  section  to  the  solid  plate. 

C  =  The  pressure  in  pounds  per  square  inch,  which  the 

boiler  is  allowed  to  carry. 
a  =  Area  of  driven  rivet,  or  rivet  hole. 
d  =  Diameter  of  rivet  hole. 
;/  =  Number  of  rows  of  rivets. 
/  ==  Pitch  of  rivets. 
/  =  Thickness  of  plates. 
R  =  Radius  of  boiler  shell. 
5  =  Ultimate  shearing  strength  of  rivets  in  pounds,  per 

square  inch  of  section. 
T  =  Ultimate  tensile  strength  of  plates  in  pounds,  per 

square  inch  of  section. 
/  =  Factor  of  safety. 
£  =  Limit    of   elasticity   in    the    plates    in    pounds,  per 

square  inch  of  section. 
%  =  Percentage  of  joint  strength. 

The  least  of  A  or  B  should  be  inserted  in  the  formula  C. 
All  dimensions  in  inches. 

The  notation  and  the  formulas  mutually  explain  each 
other. 

A^tzzl  (1) 

B^'L"  (2) 

^_t  {A  or  B)_T  ^3^ 

These  formulae  are  intended  exclusively  for  the  guidance 
of  the  inspector  in  ascertaining  the  exact  strength  of  the 
joints  in  the  boilers  which  come  under  his  care,  and  which 
enable    him  to  determine   the   working  pressure  of  steam 
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allowable  under  the  rules.  They  do  not,  however,  enable 
the  boiler-maker  to  determine  directly  that  proportion  of 
pitch  which  he  should  use  with  any  given  plate  thickness 
and  rivet  diameter,  in  order  to  secure  the  strongest  joint 
and  which  will  also  pass  the  highest  inspection. 

To  secure  these  results,  the  following  simple  formulae 
were  devised  by  the  writer  (early  in  1882),  in  which  the 
notation  given  above  is  similarly  employed,  and  which 
may  be  thus  expressed. 

For  single  riveted  joints,  when  iron  plates  are  secured  by 
iron  .rivets  and  when  the  plate  thickness  and  rivet  diameter 
are  given,  if  it  is  desired  to  find  a  pitch  that  will  secure 
equality  of  plate  and  rivet  section,  the  formula  will  be : 

P=']    +  d  (4) 

This  plainlv  means  that  the  pitch  is  equal  to  the  area  of 
the  rivet  hole,  divided  by  the  thickness  of  the  plate,  and  to 
the  result  of  which  the  diameter  of  the  rivet  hole  must  be 
added. 

For  multiple  riveted  joints,  when  iron  plates  are  secured 
by  iron  rivets,  the  same  formula  is  used,  with  the  addition 
only  of  n,  representing  the  number  of  rows  of  rivets,  thus : 

/  =  "}  -f  d  (5) 

The  different  resisting  power  of  equal  areas  of  section, 
as  many  times  found  by  tests  of  the  shearing  stress  of  the 
rivets  and  the  tensile  stress  of  the  plates,  is  not  taken  into 
account  in  the  make-up  of  these  rules.  They  are  treated  in 
all  cases  as  equals  under  the  strains  of  continued  use.  That 
is  to  say: 

The  Philadelphia  boiler  ordinance  and  the  English  rules 
alike  impliedly  declare :  The  shearing  strength  of  the  rivets 
is  just  equal  to  the  tensional  strength  of  the  plates  per 
square  inch  of  area  in  boilers  made  of  iron  plates  and  iron 
rivets. 

If  any  one  takes  exception  to  this  treatment  of  the  two 
strains,  the  formulae  permit  him  to  introduce  his  own  figures 
of  difference  into  .their  make-up,  by  which  he  can  get  a  result 
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in  accordance  with  his  own  belief;  but  of  the  mathematical 
base,  embodied  in  the  formulae,  we  are  sure. 

For  single  and  multiple  riveted  joints,  when  steel  plates 
are  secured  by  iron  or  steel  rivets,  the  relative  resistance  of 
the  plates  to  tension  and  of  the  rivets  to  shear  must  be 
inserted  in  the  formula. 

First,  let  us  assume,  as  the  rules  for  inspection  have  done 
and  do  in  all  cases,  that,  area  for  area  subjected  to  stress 
and  acting  together,  iron  plates  and  iron  rivets  are  e':iual  in 
resistance. 

The  "  Best "  Staffordshire  iron  boiler  plates  will  stand 
48,000  pounds  7' per  square  inch  of  section;  but  the  Board 
of  Trade  and  Lloyd's  limit  all  best  iron  plates  and  rivets 
alike  to  47,000  pounds. 

The  Philadelphia  ordinance  will  pass  iron  plates  which 
have  .shown  on  test  a.  T  oi  50,000  pounds  per  square  inch, 
but  will  allow  no  more  whatever  the  plates  may  show,  and 
will  give  full  credit  to  a  joint  in  which  the  driven  rivets 
have  equal  section  to  the  punched  plates. 

And  yet  we  well  know  it  to  be  a  matter  of  fact  that  the 
.shearing  strength  is  less  than  the  tensile  strength  of  the 
same  material. 

Mr.  William  H.  .Shock's  experiments  on  American  iron 
gave  as  a  mean  for  single  shear  41,033  pounds  per  square 
inch,  and  78,030  pounds  for  double  shear,  these  experiments 
being  made  upon  ii'on  bolts  in  a  shearing  device  which  did 
not  include  the  uncertain  element  of  friction  by  the  rough 
surfaces  of  the  plates  when  bound  closely  by  the  rivets  of  a 
rivfeted  joint  made  in  the  usual  way. 

When  iron  rivets  are  used  with  steel  plates  they  are 
accepted  under  the  rules  for  just  what  they  are  worth  under 
shear  and  no  more.  The  English  rules  say:  "Iron  rivets 
in  steel  boilers  should  have  a  section  of  ^-^  of  the  plate 
section."  Steel  rivets  must  be  calculated  from  their  actual 
strength  to  resist  shearing ;  and  for  these  the  fraction  |^ 
will  express  the  larger  area  they  must  have  to  the  plates 
with  which  they  are  used  to  make  joints,  simply  because  steel 
plates  show  an  ultimate  T  of  twenty-eight  tons,  and  steel 
rivets  an  ultimate  .V  of  twenty-three  tons  per  square  inch  of 
section. 
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The  old  rules  published  by  Fairbairn,  and  used  by  him 
and  by  many  boiler-makers  since,  are  obsolete  now,  in  the 
light  of  the  later  method  of  proportioning  joints  and  the 
laws  which  sanction  their  use,  althotigh  he  furnished  the  , 
first  material  for  the  base  upon  which  this  law  has  been 
built. 

From  an  extended  list  of  all  iron  single  joints,  propor- 
tioned on  the  principle  of  equality  of  sectional  areas,  the 
percentage  of  joint  strength  to  the  solid  plate  will  reach  to 
•64  amd  in  double  joints  to  78  and  be  practically  tight  under 
pressures  up  to,  say,  100  pounds  of  steam  per  sqitare  inch — 
a  material  increase  over  the  oft-quoted  figures  of  "56  and 
•70,  originated  and  recommended  by  Fairbairn. 

If  we  accept  the  inspection  laws  referred  to,  assuming 
even  results  of  the  two  strains,  then  Rules  4  and  5  will  find 
the  proper  pitches  for  boiler  joints  made  of  iron  plates  and 
iron  rivets;  but  in  composite  boiler  shells,  the  introduction 
of  symbols  representing  the  actual  powers  of  resistance  of 
the  components,  will  be  neces-sar}'.  We  will  then  have  for 
double  or  multiple  joints  : 

^  t  T  '■ 

which  can  be  applied  also  to  an  all-iron  joint  or  to  joints 
made  of  other  materials  than  the  usual  iron  and  steel. 

In  formula  6  may  be  inserted  the  elastic  limit  E  of  the 
plates  to  tension,  instead  of  their  ultimate  tensile  strength, 
and  with  this  should  also  be  inserted  the  stress  at  which 
the  shearing  of  the  rivets  begins,  together  with  a  factor 
of  safety  corresponding  to  the  requirement  of  these 
important  factors. 

If  we  desire  to  find  the  pitch  of  the  rivets,  when  the 
rivet  diameter  and  a  certain  percentage  of  joint  strength 
are  given,  we  may  use  the  following  formiila : 

p  =  JL^^I^  +  d  (7) 

^        (100—%)  ^  ' 

This  does  not'  include  the  thickness  of  the  plates;  it 
relates  only  to  theproportion  existing  between  the  distance 
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from  centre  to  centre  of  the  rivet  holes  and  the  space 
between  the  holes. 

Other  convenient  formulae  are  readily  obtained  from  A, 
B  and  C,  by  transposition.  If,  for  instance,  it  is  desired  to 
know  the  i"  to  which  the  rivets  are  exposed  in  any  particu- 
lar case  after  all  the  elements  have  been  obtained,  the 
formula  will  take  this  shape: 

,  _  CXRX  f  ,,) 

t  y.  B 

and  will  give  the  pounds  per  square  inch  of  cross-section  to 
which  the  rivets  are  subjected  in  the  seam  by  the  steam 
pressure  C  which  has  been  obtained  by  the  Ordinance 
formula. 

The  rivet  Iiole  determines  the  size  and  measure  of  the 
rivet  after  it  is  driven,  because  it  is  then  filled  by  it :  and  in 
making  calculations  with  the  aid  of  these  formulae,  the 
trade  sizes  of  the  rivets  must  not  be  taken. 

In  punching  holes  for  rivets  in  boiler  plates,  it  is  the 
usual  practice  to  use  punches  -^  of  an  inch  greater  in 
diameter  than  the  trade  diameter  of  the  rivets,  and  it  is 
also  usual  to  make  the  dies  which  are  used  with  the 
punches  jL  of  an  inch  larger  in  diameter  than  the  punches 
to  be  used  with  them.  The  result  of  this  inethod  is  to 
make  conical  holes  in  the  plates,  corresponding  to  the  sizes 
of  punch  and  die. 

If  the  punched  holes  are  net  to  the  dimensions  of  the 
punch  and  die  here  given,  and  if  the  material  of  the  plate 
immediately  around  the  hole  has  not  suffered  in  the  act  of 
punching",  then  the  proper  size  of  holes  to  be  used  in  the 
formula  would  be  the  mean  diameter  of  the  conical  holes  so 
made,  instead  of  -^  of  an  inch  larger  than  the  punch,  as 
they  are  usually  assumed  to  be. 

It  is  well  known,  however,  that  the  material  of  the  plates 
bordering  the  holes  is  weakened  by  the  detrusion  of  the 
punch ;  to  what  distance  this  reaches  from  the  surface  of 
visible  separation  of  the  metal  may  not  be  definiteh'  known, 
and  must  necessarily  be  different  with  different  materials 
and  punches,  but  it  is  certain  to  be  a  small  measitrable 
distance  into  the  plate  around  the  hole. 
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If  we  take  the  diameter  of  the  punched  holes  to  be  equal 
to  that  of  the  die,  we  will  not  be  far  from  the  actual  state 
of  the  case,  especially  as  some  of  this  disturbed  metal  is 
removed  by  the  reamer  or  crushed  by  the  drift-pin.  , 

We  are  safe  in  this  assumption  in  so  far  as  the  ultimate 
strength  of  the  joint  is  concerned,  because,  as  usually 
happens  in  rupture,  the  plates  give  way,  while  the  rivets 
rarely  fail ;  and  again,  the  plates  suffer  loss  of  substance  by 
wear  and  waste,  while  the  rivets  are  preserved  against 
deterioration,  and,  therefore,  the  initial  strength  of  the- 
plates  ought  to  be  favored. 

In  view  of  these  facts,  the  suggestion  is  here  made  that 
when  we  wish  to  determine  pitches  from  given  plates  and 
rivets,  that  we  use  the  greater  diameter  of  the  punched  hole, 
whatever  that  may  be,  for  the  quantity  expressed  by  a  in 
all  of  these  formulae,  and  that  we  assume  the  rivet  diameter  to 
be  that  of  the  lesser  diameter,  or  reamed-out  diameter  of 
the  rivet  hole. 

The  result  of  this  apportionment  of  the  material  will  be 
effectively  to  strengthen  the  plates,  which  all  experience 
has  proven  to  be  necessary :  so  that  while  this  decision 
appears  to  be  against  reason  and  the  isolated  facts  of 
experiment — the  resistance  to  shearing  always  proving  less 
than  that  to  direct  tension  in  the  same  material — it  must 
constantly  be  borne  in  mind  that  the  strain  on  the  plates 
and  rivets  are  not  direct  in  the  ordinary  lap-joint  as  they  are 
used  in  a  boiler,  the  plates  being  subjected  to  some  trans- 
verse strain  while  under  tension,  and  the  rivets  to  some 
tensile  strain  while  under  shear. 

Strictly  speaking,  the  plate  loses  what  is  punched  out  of 
it,  together  with  the  metal  destroyed  around  the  punched 
hole,  and  the  rivet  gains  by  whatever  increased  diameter  it 
gets  in  the  process  of  riveting.  They  should  be  estimated 
upon  what  they  acttially  are  when  the  joint  is  made  up. 
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On  LAPACHIC  ACID  and  ITS  DERIVATIVES. 


By  E.  Paterno. 


[  Conimunicaled  by  Dr.  IV.  H.  Greene,  at  the  stated  meeting  of  the  Chemical 
Section,  held  June  18,  i88q.'\ 

In  the  last  number  of  the  American  Chemical  Journal 
(11,  No.  4,  April,  1889,  p.  267)  which  reached  me  yesterday, 
I  have  read  an  important  note  by  W.  H.  Greene  and  S.  C. 
Hooker,  in  which  is  proved  the  identity  of  the  coloring  mat- 
ter of  Bethabarra  wood  with  lapachic  acid.  In  ending  their 
note  the  authors  propose  to  study  lapachone  and  suggest  that 
certain  reactions  observed  by  them  lead  to  the  belief  that 
this  compound  has  not  the  constitution  provisional!}- 
assigned  by  me  in  1882.* 

I  must  draw  the  attention  of  these  two  chemists  to  the 
fact  that  in  my  memoir,  after  having  stated  that  the  con- 
stitution of  lapachone  was  perhaps  the  most  diihcult  and 
important  point  to  determine,  I  terminated  by  saying,  that 
all  my  considerations  had  a  verv  limited  value  and  I  dwelt 
on  it  but  a  moment,  with  the  sole  design  of  showing  the 
importance  and  the  range  of  the  argument  of  which  I  had 
undertaken  the  stud}-. 

It  is  indeed  true  that  since  1882  I  have  published  nothing 
on  lapachic  acid.  I  have  been  occupied  wath  other  matters, 
it  has  been  difficult  for  me  to  obtain  first  materials,  and  I 
did  not  desire  to  publish  the  results  in  parts,  especially  when 
I  had  reser\'ed  the  right  of  continuing  the  research.  How- 
ever, that  I  have  never  abandoned  the  work  is  shown  by  the 
fact  that  in  luy  research  on  Raoult's  law,  published  con- 
jointly with  Xa.sini  in  i886,twe  proved  that  lapachone  is  not 
a  polymeride  of  lapachone  as  I  at  first  supposed,  but  that  it 
corresponds  to  the  simple  formula  C"H"0',  and  I  said  that 
while  the  polymeric  quinones  so  far  studied  are  brown  sub- 
stances, only  slightly  soluble  and  having  fusing  points  much 
higher  than  the  corresponding  quinones,  these  great  differ- 
ences in  external  characters  are  not  observed  between 
lapachic  acid  and  lapachone.  Since  that  time,  as  I  have 
besides  announced  a  few  months  ago,:):  I  have  continued 

*  Gaz2etta  Chimica,  12,  337.       .  f  Ihid,  1<>,  262.         j  Ibid,  lO,  3. 
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this  research  with  greater  industry,  and  by  applying  Raoult's 
method  I  have  shown  that  the  acetyl  derivative  of  lapachic 
acid  fusing  at  131-132°,  for  which  I  had  advanced  a  complex 
formula,  corresponds  rather  to  that  of  a  diacetic  derivative 
of  lapachic  acid  or  of  lapachone  or  more  probably  another 
isomeride  of  this  substance ;  and  in  a  series  of  researches, 
that  I  may  say  are  complete  and  which  were  in  part  made 
together  with  Sig.  Minimi.  I  have  entirely  reconsidered  the 
study  of  those  derivatives  of  lapachic  acid  of  whose  con- 
stitution I  entertained  doubts,  and  in  particular  lapa- 
chone, the  diacetylderivati\'e  and  the  magnificent  substance 
crystallizing  in  splendid  bronze-red  laminae.  Of  lapachic 
acid  and  lapachone  we  have  studied  the  oxime  and  hydrazin 
compounds,  we  have  obtained  the  quinone  corresponding  to 
the  diacetyl  derivative,  we  have  prepared  and  studied  the 
triacetyl  derivative,  corresponding  to  the  reduction  derivative 
of  lapachic  acid,  the  compound  of  lapachic  acid  with 
thiophen  has  been  prepared,  and  in  this  manner  we  have 
collected  together  a  considerable  number  of  facts  which 
completely  elucidate  the  constitution  of  lapachone  and 
many  other  derivatives  of  lapachic  acid. 

I  am  sure  that  Messrs.  Greene  and  Hooker  will,  after 
what  I  have  exposed,  allow  us  time  to  publish  our  labors  and 
desist  from  the  further  investigation  of  lapachic  acid 
derivatives,  at  least  until  after  the  publication  of  our 
researches. 


ELECTROLYTIC   SEPARATIONS. 


Bv  Edc.ar  F.  Smith  and  Lee  K.  Fkaxkel. 


\_Read  at  the  Meeting  of  the  Cheinicitt  Seetion,  June  iS,  i8Sg.'\ 


I.  SEPAR.\TION  OF  CADMIUM  FROM  COPPER. 
The  results  obtained  in  the  electrolysis  of  cyanide  solu- 
tions of  mercury  and  copper,  as  well  as  the  knowledge 
gained  from  our  experiments  in  separating  cadmium 
from  zinc,  induced  us  to  try  whether  it  would  be  possi- 
ble to  effect  the  evaporation  of  cadmium  from  copper 
in    cyanide    solution.      The    only   electrolytic   method  pro- 
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posed  for  the  separation  of  these  metals  is  that  recom- 
mended by  vSmith  {.-\iii.  C/uiu.  Journal,  2,  42 1,  in  which 
solutions  containing  a  definite  amount  of  free  nitric  acid 
were  employed.  We  experienced  no  difficulty  in  making  a 
complete  separation,  after  ascertaining  the  proper  current 
strength.  The  conditions  most  favorable  to  the  separation 
were  essentially  the  same  as  those  recorded  in  our  former 
papers,  viz:  a  dilution  of  200 cc;  5-5  grammes  of  potassium 
cyanide  in  each  experiment,  and  a  current  generating  '28  cc. 
oxy-hydrogen  gas  per  minute.  Tiine  sixteen  to  twenty 
hours.     The  results  obtained  were  as  follows : 


Cadmium 

present. 

■2426  grs. 


■1024 


L 

Cn  present. 

50  per  cent. 

II. 
50  per  cent. 

III. 
100  per  cent. 


2046 


too  per  cent. 


CtuimiuDt 
/ound. 

•2420 


2331 
2309 
2315 

I02S 
IOI9 
1020 
1032 

1033 
1034 
IOI4 

•2034 


Copper  was  not  found  in  any  of  the  deposited  cadmium^ 
nor  did  we  discover  any  of  the  latter  metal  in  the  filtrate 
containing  the  copper.  The  cadmium  deposit  invariably 
showed  the  gray  color  characteristic  of  it. 

II.    ACTION  OK  THE  CURRENT  UPON  METALLIC    SULPHOCV- 

ANIDES. 

It  is  well  known  that  in  the  electrolysis  of  the  sulphate 
or  nitrate  of  manganese  the  oxide  of  this  metal  separates 
upon  the  positive  pole.  We  have  found  that  if  an  excess  of 
potassium  sulphocyanide  be  present  no  such  deposition 
occurs,  but,  on  the  contrary,  the  metal  itself  will  separate  as 
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a  grayish  white,  compact  deposit  upon  the  negative  pole  or 
the  vessel  attached  to  it.  The  addition  of  a  sulphocyanide 
to  the  manganese  solution  undergoing  electrolysis,  after  the 
oxide  has  already  separated,  will  cause  the  solution  of  the , 
latter.  The  current  necessary  for  the  deposition  of  metallic 
manganese,  under  the  conditions  mentioned  above,  should 
be  feeble.  The  metallic  deposit  is  inclined  to  rapidly 
oxidize,  and  whether  manganese  can  be  successfully  deter- 
mined in  a  quanitative  way  after  this  manner  will  depend 
very  much  upon  whether  we  can  prevent  its  oxidation  dur- 
ing the  drying  process. 

Nickel,  cobalt,  iron  and  several  other  metals  separate  very 
rapidly  from  cold  sulphocyanide  solutions  under  the  influ- 
ence of  a  weak  current. 

Cubical  Laboratory,  Umv.  of  Pa.. 
I'liii.ADELT'HiA,  June  i8,  i88g. 


Ox  THE   CONSTITUTION   of    LAPACHIC    ACID    .\Nn 
ITS  DERIVATIVES. 


By  Sa.miel  C.  Hooker  and  Wh.  H.  Greene. 


[  Read  at  the  Meeting  of  the  Cheuiirat  Sectiait,  held  Tuesday,  ^Vay  21,  iSSo^ 

In  1857,  Arnoudon"  described,  under  the  name  taiguic 
acid,  a  yellow  coloring  matter  existing  in  the  Taigu  wood  of 
Paraguay  ;  nine  years  later,  vStein  +  described  as  greenhartin 
a  similar  matter  which  he  had  extracted  from  the  green- 
heart  of  Surinam.  In  1879,  Paterno;};  proved  the  identity 
of  these  substances  with  the  lapachic  acid  obtained  b}- 
Siewert  from  the  Lapacho  tree  of  South  America.  Finally, 
we  have  recently  found  the  same  substance  in  a  South 
African  wood,  the  Bethabarra.g 

Paterno.l    in    an   admirable   research    published    in    the 


*  Comptes  rendits,  -41,  I,ij2. 

t  Jotir.  fiir  prak.  Cheniie,  99. 

X  Gas.  Chim.  Ital.,  9,  506. 

'i  American  C/ieiii.  Joifrnst,  11,  267.' 

II  Gaz.  Chim.  Iteil..  12,  337-392. 
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Gaz::etta.  1882,  has  assigned  to  lapachic  acid,  with  a  very 
great  degree  of  probability,  the  following  constitutional 
formula : 

(  C), 
C,„H,  '  CH  =  CH   -  QH- 
i  OH 

Oxy-amylene-naphthaquinone. 

The  result.s  from  which  this  formula  are  mainly  deduced 
are  the  following: 

Lapachic  acid  gives  a  series  of  stable  salts,  biit  all  experi- 
ments failed  to  reveal  the  true  acid  group,  COOH. 

On  distillation  with  zinc  dust,  naphthalene  and  isobuty- 
lene  were  obtained. 

On  oxidation  with  nitric  acid,  phthalic  acid  was  formed. 

By  reducing  agents,  a  hydrolapachic  acid  was  obtained, 
which  rapidly  absorbed  oxygen,  becoming  reconverted  into 
lapachic  acid. 

A  monacet\-l  derivative  was  obtained. 

Hydriodic  acid  and  phosphorus  gave  a  liquid  hydro- 
carbon, which  was  taken  to  be  amyl-naphthalene. 

In  the  course  of  the  study  of  this  acid,  Paterno  prepared 
several  compounds,  which  he  was  only  able  to  explain 
satisfactorih'  by  the  as.sumption  that  two  molecules  of  the 
acid  had  taken  part  in  the  forination  of  each  of  their  mole- 
cules. 

By  the  action  of  concentrated  sulphuric  acid  on  lapachic 
acid,  a  compound  crystallizing  in  beautiful  red  needles  is 
formed,  which  has  precisely  the  sanie  percentage  compo- 
sition as  lapachic  acid.  This  compound,  which  is  known  a.< 
lapachone,  was  assigned  the  following  formula,  by  Paterno : 

OH.Cn.H^^CjHp)  ^  q'q^C,„H^(C5H3).OH. 

Lapachone  is  insoluble  in  alkaline  carbonates :  it  is 
soluble  in  caustic  alkalies  only  after  boiling  for  some  time. 
According  to  Paterno  it  separates  from  the  alkaline  solution 
on  cooling  and  is  almost  completely  precipitated  unchanged 
on  the  addition  of  acids. 
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While  recently  engaged  on  the  study  of  the  coloring 
matter  of  Bethabarra  wood,  subsequently  proved  by  us  to 
be  lapachic  acid,  we  obtained  an  orange-red  quinone-like 
substance.  In  the  course  of  our  experiments  with  this  com- 
pound we  observed  a  number  of  reactions  which,  when  we 
had  afterwards  identified  the  compound  as  lapachone,  did 
not  agree  with  Paterno's  view  of  its  constitution. 

We  found  that  lapachone  shows  many  of  the  character- 
istics of  a  chinone.  It  gives  a  white  crystalline  compound 
with  acid  sodic  sulphite,  which  is  reconverted  by  acids 
and  alkalies  into  the  original  substance.  It  forms  com- 
pounds with  hydroxylamine  and  ammonia  with  great  readi- 
ness, and  gives  the  quinone    color  reaction  of  Bamberger. 

These  reactions  are  obviously  not  reconcilable  with  the 
formula  given  above  and  point  to  the  probability  that  lapa- 
chone is  Cj-.Hj^Oj  and  not  C3oH,.iO,;. 

A  determination  of  the  molecular  weight  of  lapachone,. 
by  Raoult's  method,  gave  figures  confirming  this  supposition,. 
thus  proving  that  only  one  molecule  of  lapachic  acid  is  con- 
cerned in  its  formation,  a  result  borne  out  by  other  facts. 

Calculated  for  Calculated  for  Found. 

Pdleriio's  formula  CsiH.^O,;     .  Ci^Hj^Oj 
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It  remains,  therefore,  to  explain  how  a  substance  having 
such  strong  acid  tendencies  as  lapachic  acid,  dissolving  with 
ease  in  alkaline  carbonates,  can  be  converted  into  an 
indifferent  compound  like  lapachone,  and  yet  retain  the 
same  percentage  composition. 

Although  Paterno's  formula  of  lapachic  acid  cannot  be 
considered  in  any  way  proved,  it  lends  itself  well  to  the 
explanation  of  the  formation  of  lapachone,  and  in  this  way 
considerable  indirect  proof  is  furnished  of  the  probable  cor- 
rectness of  Paterno's  views  in  regard  to  lapachic  acid. 

It  seems  lawful  to  assume,  that  under  the  influence  of 
strong  mineral  acids  (concentrated  nitric  acid  in  the  cold 
acts  similarly  to  concentrated  sulphuric  acid  as  shown 
by  Paterno)  lapachic  acid  takes  up  a  molecule  of  water. 
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giving  rise  to  an  intermediate  compound,  wliicli  is  at  once 
decomposed  by  the  acid,  again  splitting  off  water,  but  in  a 
different  direction.    This  is  shown  in  the  following  equation : 

C„H,  /  CH  =  CH.C3H-  +  H.O 

\  OH 

Lapachic  acid. 

=  C,„H,  '  CH.,  —  CHiOHl.CjHj 
(OH 

Oxy-hydro-lapachic  acid. 

-  C,„H,  ^  CH,  ^cH.C.H,  +  Hp 
Lapachone. 

The  fact  that  phthalic  acid  is  produced  by  the  oxidation 
of  lapachic  acid,  would  appear  to  furnish  proof  that  all  the 
side  groups  are  situated  in  the  same  benzene  nucleus,  and 
consequently  whether  lapachic  acid  be  a  derivative  of  a-  or 
(i-napthaquinone  the  (OH)  group  miist  be  in  the  ortho  posi- 
tion to  the  amylene  chain  :  this  favors  the  probability  of  the 
occuri'ence  of  the  above  condensation.* 

This  view  of  the  constitution  of  lapachone,  /.<•■.,  regarding 
it  as  a  derivative  of  naphthofurfuran,  agrees  very  thor- 
oughly with  all  its  properties  and  reactions  so  far  observed. 
It  has,  moreover,  received  direct  confirmation  from  the 
result  of  an  experiment,  which  was  made  to  obtain,  if 
possible,  corroboration  of  our  views. 

Paterno  states,  as  already  mentioned,  that  lapachone  is 
insoluble  in  caustic  alkalies  in  the  cold,  btit  dissolves  on 
heating,  and  is,  in  part,  deposited  from  the  filtered  solution 
unchanged  as  it  cools. 

This  observation,  seeined  at  variance  with  our  idea 
of  the  constitution  of  lapachone,  and  we  consequently 
carefully  repeated  Paterno's  experiment.  The  insolubilit}' 
of  lapachone  in  alkaline  carbonates  and  caUstic  alkalies    in 

*  It  is,  of  course,  possible,  though  scarcely  probable,  that  lapachic  acid  is 
derived  from  3  (3-naphthaquinone,  in  which  case  the  relative  positions  of  the 
amylene  chain  and  the  hydro.xyl  group  would  be  the  para. 
Wholf.  No.  Vol.  CXXVIII.— (Third  Series,  Vol.  xcviii.)  10 
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the  cold  is  readily  explained  by  the  constitution  we  have 
assigned  to  it,  and  its  solubility  on  boiling  is  best  accounted 
for  by  the  supposition  that  the  furfuran  ring  is  split  by  the 
action  of  potash,  that  one  molecule  of  water  is  taken  up 
with  the  formation  of  a  salt  of  the  compound  : 

C„H,  {  CH.„CH(OH).C3H, 
/  OH 

Oxy-hydro-lapachic  acid, 

which  we  had  previously  supposed  to  exist  as  an  interme- 
diate product  in  the  formation  of  lapachone.  This  explana- 
tion proved  quite  satisfactory,  for  on  neutralizing  with 
acetic  acid,  a  red  oil  was  obtained  which,  in  the  course  of  an 
hour  or  so,  solidified  to  a  yellow  crystalline  mass. 

Analysis  proved  it  to  have  the  expected  composition. 
The  tendency  of  the  new  substance  to  pass  into  lapachone 
under  the  influence  of  dilute  mineral  acids  is  very  great,  and 
hence  if  dilute  HCl  acid  be  used  for  the  precipitation, 
either  a  mixture  of  lapachone  and  the  new  compound,  or 
lapachone  only  is  obtained. 

We  have  not  yet  succeeded  in  preparing  the  potassium  salt 
of  the  new  substance  in  a  crystalline  form,  but  as  its  barium 
salt,  which  crystallizes  very  readilv  in  bright  orange  needles, 
closely  resembles  lapachone,  it  is  not  improbable  that 
the  potassium  salt  may  have  a  similar  appearance, 
which  would  account  for  Paterno's  supposition  that  the 
crystals  deposited  on  cooling  and  before  the  addition  of 
hydrochloric  acid  were  crystals  of  lapachone.  It  is  right  to 
add  that  the  fusing  point  of  these  crystals  was  found  by 
Paterno  to  be  almost  identical  with  that  of  lapachone. 

The  salts  of  the  new  compound  as  might  be  expected 
dissolve  to  the  same  intense  red  color  as  those  of  lapachic 
acid.  It  melts  at  125°,  and  is  very  readily  soluble  in  most 
ordinary  solvents.  It  may  be  obtained  in  comparatively 
large  crystals,  by  spontaneous  evaporation  of  its  solution 
in  alcohol  or  acetic  acid. 

By  the  action  of  bromine  on  lapachic  acid  in  acetic  acid 
solution,  Paterno  obtained  a  compound   which  he  regarded 
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as  monobrom-lapachic  acid    and  to  which  he  assigned  the 
formula 

iO, 
C,„H,  ;CH=CH.C,H, 
^OBr 

Considering  the  properties  of  this  compound  and  the  prob- 
able constitution  of  lapachic  acid,  its  formation  would  seem 
to  be  better  explained  by  the  suppo.sition  that  an  addition 
product  is  first  formed,  and  that  this  by  splitting  off  hydro- 
bromic  acid,  gives  rise  to  the  formation  not  of  brom-lapachic 
acid  but  of  brom-lapachone,  thus : — 

CO, 
C,„H,  {  CH=CH.C,H-+  Br. 

(oh 

(O, 
=C,„H,  '  CHBr  —  CHBri  QH-) 

(oh 

=  C,„H,     CHBr\^,^^      j^ 

We  are  at  present  endeavoring  to  prove  the  truth  of  this 
supposition  and  have  already  observed  some  important  facts 
tending  to  show  the  correctness  of  our  views. 

The  formation  of  several  of  the  other  compounds  obtained 
bv  Paterno,  would  appear  to  be  better  explained  in  a  similar 
manner  to  the  foregoing  than  by  the  formulae  he  has 
assigned  to  them.  We  prefer,  however,  to  leave  the  dis- 
cussion of  these  until  our  work  has  progressed  further.  In 
the  ineantime,  we  wish  to  say  that,  although  we  are  hope- 
ful further  experiments  will  justify  our  present  conclu- 
sions, we  do  not  regard  them  as  of  necessity  final  and  have 
only  been  induced  to  make  this  preliininar}-  communication 
to  ensure  to  ourselves  the  undisturbed  continuation  of  the 
work,  which,  owing  to  many  causes,  can  not,  unfortunately. 
proceed  with  as  great  rapidity  as  we  could  desire. 
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On      KOBELLITE     from     OURAY,     COL.,     anu     the 
CHEMICAL  COMPOSITION  of  this  .SPECIES. 


Bv  Harry  F.  Kellicr. 


\_Read  at  tlic  Meeting  of  tlie  Cltfinical  Section,  May  21 ,  iSSgP\ 

The  sulphobismutites  and  sulfostibnites  of  the  south- 
western part  of  Colorado,  have  repeatedly  formed  the  subject 
of  mineralogical  and  chemical  research.  Genth,  Koenig-, 
Hillebrand,  and  others  have  proved  the  occurrence  there  of 
a  number  of  species  already  knciwn  from  other  localities, 
and  have  also  described  several  new  compounds  of  this 
class  under  the  natnes  of  schirmerite,  alaskaite  and 
"beegerite. 

In  the  following  pages,  I  desire  to  give  the  description  of 
a  mineral,  possessing  the  composition  2(Pb,Ag2,Cu^)S.(Bi, 
SbJoSj  and  to  show  further  that  it  is  in  all  probability 
identical  with  the  kobellite  of  vSetterberg. 

The  material  for  this  investigation  was  kindly  supplied 
by  my  brother,  Mr.  Hermann  A.  Keller,  of  Pueblo,  Col.  It 
consisted  of  several  beautiful  specimens  of  an  ore  that  had 
been  taken  from  the  Silver  Bell  mine  at  Ourav,  Col.,  by  Mr. 
Philip  Decker. 

I  have  not  been  able  to  obtain  anv  further  information 
concerning  the  occurrence  of  the  mineral,  but  consider  it 
highly  probable  that  it  is  closely  analogous  to  that  of 
.alaskaite  described  by  Koenig.-^  Like  this  it  is  foimd  asso- 
ciated with  barite  and  chalcopyrite.  Physical  properties  : — 
Alassive ;  structure,  finely  granular,  inclining  to  fibrous; 
lustre,  silky  metallic ;  color,  bluish  lead-gray ;  fracture, 
uneven;  streak,  iron-black.  Apparent  hardness,  2'5 — 3;  sp. 
gr.,  6-334. 

CIteiiiical  deportment. — LTpon  heating,  the  mineral  first 
'decrepitates  violently  and  then  fiises.  In  the  open  tube,  it 
gives  off  sulphurous  acid  and  a  sublimate  of  antimonious 
acid.  Upon  charcoal  it  yields  a  yellow  incrustation,  with  a 
white  non-volatile  fringe  and  a  metallic  globule,  which  for 

*  Amer.  Pliilos.  iVJt.,  June,  1S81. 


Aug.,  1889.]  CItciiiical    Section.  149 

the  greater  part  is  volatilized  upon  continued  blowing.  The 
residue  gives  the  reactions  of  iron  and  copper  in  the  salt  of 
phosphorus  bead,  and  a  button  of  metallic  silver  on  cupel- 
lation.  A  crimson  coating  is  obtained  with  potassium  iodide 
and  sulphur  on  charcoal. 

Hydrodliloric  acid  decomposes  the  compound  with  evolu- 
tion of  hydrogen  sulphide,  especially  upon  heating;  the 
gangue  material  and  chalcopyrite  are  left  undissolved,  while 
the  silver  passes  into  solution,  from  which  it  can  be  precipi- 
tated as  chloride  by  diluting  with  water. 

Chlorine,  as  well  as  nitric  acid,  exerts  a  powerful  action 
t:pon  it. 

As  the  quantitative  separation  and  estimation  of  the  con- 
stituents present  some  difficulties,  I  will  briefly  indicate 
the  course  of  an  analysis  which  was  found  to  be  best  adapted 
to  this  end.  A  portion  of  the  mineral  was  treated  with 
nitric  acid.  When  proper  care  is  taken,  the  oxidation  is 
completed  in  an  hour's  time.  The  excess  of  the  acid  was 
then  removed  upon  the  water  bath  and  the  residue  boiled 
with  a  solution  of  pure  carbonate  of  soda.  This  treatment 
was  continued  until  all  the  sulphuric  acid,  excepting  the 
small  quantity  in  the  barite  of  the  gangue,  had  passed  in 
solution.  The  undissolved  oxides  and  carbonates  of  the 
metals  were  then  filtered  off.  The  filtrate  showed  a  bluish 
color,  and  was  found  to  contain  small  quantities  of  copper, 
antimony  and  bismuth.  These  were  precipitated,  by  hydro- 
gen sulphide,  after  acidifying  with  hydrochloric  acid,  and 
the  sulphur  then  determined  in  the  filtrate  as  barium  sul- 
phate. This  was  purified  after  ignition,  by  heating  with 
hydrochloric  acid,  then  dissolving  it  in  concentrated  sul- 
phuric acid  and  reprecipitating  it  finally  with  water. 

The  separation  of  the  metals  was  effected  as  follows : 
The  mixture  of  the  oxides,  carbonates,  etc.,  was  treated 
with  nitric  and  tartaric  acids,  whereby  only  the  gangue 
material  (BaSO/)  remained  undissolved.  After  the  small 
quantity  of  sulphides  before  mentioned  had  likewise  been 
taken  up  in  the  sohition,  the  silver  was  precipitated  as  chlor- 
ide in  the  cold :  potassium  hydrate  was  then  added  to  the 
filtrate  in  excess  and  hydrogen  sulphide  passed  into  it.     The 
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precipitate,  consisting  of  the  sulphides  of  all  the  metals 
except  antimony,  was  filtered  off,  and  the  antimony  deter- 
mined in  the  liquid  according  to  Bunsen's  method  as 
pentasulphide.  The  conversion  of  the  pentasulphide  into^ 
tetroxide  served  as  a  check,  but  gave  invariably  a  slightly 
lower  percentage. 

The  metallic  sulphides  were  again  oxidized  with  nitric 
acid,  the  latter  removed  by  evaporation  with  sulphuric  acid 
and  the  remaining  sulphates  treated  with  dilute  sulphuric 
acid  (I  :  8)  in  the  cold.  In  this  manner  the  lead  is  separated 
from  the  other  metals,  but  not  completely,  as  the  insoluble 
sulphate  always  retains  small  quantities  of  bismuth.  It 
is  therefore  dissolved  in  warm  potash  solution,  which  leaves 
the  oxide  of  bismuth  with  some  lead,  and  these  can  then 
be  separated  readily  by  a  renewed  treatment  with  nitric  and 
sulphuric  acids. 

In  the  solution  containing  the  sulphates  of  copper, 
bismuth,  iron  and  zinc,  the  two  first  mentioned  were  precipi- 
tated as  sulphides  with  hydrogen  sulphide,  filtered  off,  con- 
verted into  the  nitrates  and  separated  from  each  other  with 
ammonia  and  ammonium  carbonate.  Zinc  and  iron  were 
finally  separated  and  determined  by  the  usual  methods. 

In  order  to  ascertain  which  of  the  metals  enter  into  the 
composition  of  the  mineral,  one  portion  of  the  substance 
(Analysis  II)  was  dissolved  in  hydrochloric  acid  and  the 
residue  remaining  analyzed  separately. 

Although  chlorine  acts  strongly  upon  the  finely  divided 
powder,  I  did  not  succeed  in  effecting  a  complete  decom- 
position by  its  means.  All  the  samples  analyzed  were  taken 
from  different  pieces  of  the  ore. 
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/. 
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s     .    .    . 
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— 
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'8-39 

18-39 
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28-46 

28-40 
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7-91 

784 

— 

755 
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•      36' I  I 

36-08 

36-25 

36-20 

— 

36-16 

A?  .     .     . 

3-22 

339 

3-30 

3-32 

— 

3-31 

Cu   .     .     . 

2-43 

2-26 

2-91 

2-76 

— 

2-59 

Fe   .     .     . 

i'3i 

i'35 

1-69 

1-65 

— 

1-50 

Zn   .     .     . 

•50 

•37 

-41 

■31 

— 

•39 

BaSC  etc..  . 

■43 

•65 

■21 

■49 

— 

■45 

97-53 


99-82      99-36 


98-74 
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In  No.  II  the  portion  insoluble  in  hydrochloric  acid  was 
found  to  contain  (after  the  chloride  of  silver  had  been 
removed  by  ammonia) : 

Fe,   vcx).  Cu,   ri2.  Zn,  '24. 

It  seems  therefore  safe  to  assume*  that  the  iron  and 
an  equivalent  quantity  of  copper  are  present  as  chalcopyrite, 
and  the  zinc  as  sphalerite. 

Now  deducting  these,  plus  the  gangue  and  the  loss, 
the  percentage  composition  calculated  from  the  mean  results 
is  as  follows : 

Atomic  ratio. 

=      2'6oo 
•2134      =      rooo 

•2124     =        -995 


lOOOO 

and  the  formula  is  therefore:  2(Pb,Ag,.Cu,)S.(BiSb)2S3. 
Since  the  atomic  ratio  of  antimony  f  to  bismuth  is  i  :  2  the 
mineral  may  be  considered  as  composed  of  one  mol.  of 
jamesonite  with  two  mols.  of  cosalite. 

The  recent  text-books  of  mineralogy'  do  not  assign  this 
formula  to  any  mineral,  nevertheless  such  a  one  has  been 
known  for  a  long  time. 

As  kobellite,  Setterberg  +  in  1 839  first  described  a  min- 
eral from  the  cobalt  mines  of  Hvena,  in  Sweden,  the  compo- 
sition §  of  which  he  found  to  be : 

S     =  (i8-6i) 


S     =  1776 

■5550 

Bi   =  30'6i 

•1457  , 
•0677 

Sb  .=    8-13 

Pb  =  38-95 

•1881  1 

Ag=    3-58 

•0166  |. 

Cu  =      -97 

•0077  ) 

Bi    =  28-37 

Sb   =  9-38 

Pb  =  40-74 

Fe  =  2-02 

Cu  =  -88 


*  Chalcopyrite,  when  finely  divided,  is  slightly  acted  upon  by  HCl. 
f  I  have  reason  to  believe  that  the  antimony  determinations  I  and  II  are 
a  little  too  low. 

t  Pogg.  Ann.,  66,  536. 

?  Recalculated  with  present  atomic  weights  (Rammelsberg,  Mineraich., 
p.  \oo). 
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Deducting  from  this  the  copper  with  the  equivalent 
quantities  of   iron  and    sulphur,  the    atomic  ratios  are  as 

follows : 

S      =^.    -5506  =  2-581 

Bi      =     -1351) 

c-u  c      f    2133    =    I -000 

Sb     =     -0782  I       ^^ 

Pb     =     -1966) 

^         •2r87  =   1-025 
Fe     =     -0221  J 

that  is,  they  are  identical  with  those  calculated  from  my 
analyses. 

Setterberg  states  distinctly  that  the  iron  of  his  mineral 
was  dissolved  in  hydrochloric  acid,  and  must  therefore  be 
considered  as  belonging  to  it;  another  slight  difference  in 
the  composition  of  the  minerals  from  the  two  localities  is 
the  replacement  of  about  one-twelfth  of  the  lead  by  silver  in 
that  from  Ouray. 

In  1862,  Rammelsberg  published  an  analysis  of  some 
material  from  the  Hvena  mine;  he  found: 


s 

=    18-22 

Bi 

=    18-60 

Sb 

=     9'46 

As 

=      2-56 

Pb 

=   44-25 

Fe 

=     3-8i 

Cu 

=      1-27 

Co 

=       -68 

98-85 

After  deducting  5-61  per  cent,  of  ('FeCo)AsS  and  3-67 
per  cent,  of  CuFeS,,  he  arrives  at  the  formula 

PbjBiSbS^. 

In  his  MineralcJuiiiic  (p.  lOO),  he  gives  an  analysis  of 
so-called  kobellite  from  another  locality  (the  name  of  which 
is  not  mentioned),  and  from  this  deduces  the  same  formula. 

He  does  not  prove,  however,  that  the  analysis  by  Setter- 
berg is  incorrect,  and  it  is  more  than  likely  that  the  material 
examined  by  him  consisted  of  a  mineral  different  from 
Setterberg's. 

There  are  numerous  instances  of  the  occurrence  of  two 
different  sulpho+salts  of  similar  appearance  in  the  same 
vein,  and  even  upon  the  same  piece. 
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The  re-investigation  of  alaskaite  by  Koenig*  was  caused 
•by  it  having  been  mistaken  for  cosalite  from  the  same  mine. 

The  specific  gravity  determinations  also  show  a  slight 
discrepancy;  Setterberg  found  6-29  —  6" 3 2,  while  Ram- 
melsberg's  determination  gave  6' 145.  That  of  the  Ouray 
occurrence  is  6'334. 

In  view  of  all  these  facts,  I  feel  myself  justified  in  retain- 
ing the  name  of  kobellite  for  the  mineral  of  the  formula : 

2(Pb,Ag3,Cu„Fe)S.(Bi,=,,Sb,.,,)S3, 
and  would  suggest  that  another  name  be  given  to  that  to 
which  this  name  has  hitherto  been  applied,  namely, 

Pb3SbBiS,, 
In  concluding,  I  desire  to  propose  the  name  of  lillianite 
for  a  mineral  from  the  Lillian  mine  in  Leadville,  Col., 
described  several  years  ago  jointly  by  my  brother  and 
myself  as  a  variety  of  kobellite.  It  possesses  the  composi- 
tion 3(PbAg,)S.Bi2S3,  and  represents  the  bismuth  mineral 
corresponding  to  boulangerite. 

II. —  AN.JiLYSIS  OF  MEGABASITE  FROM  BONITA  MOUNTAIN,  NEAR 
SILVERTON,  COL. 

More  than  three  years  ago  I  received  from  Colorado, 
among  other  specimens,  one  which  was  labelled  "  goethite." 
Some  qualitative  tests  that  were  then  performed  upon  it 
proved  that  it  consists  essentially  of  tungstic  acid  and  man- 
ganous  oxide.  The  occurrence  has  become  quite  well 
known  since,  but,  as  far  as  I  am  aware,  no  quantitative 
analysis  of  the  material  has  been  published.  I  may  there- 
fore be  permitted  to  put  the  following  on  record: 

Sp.  Gr.  =  6780 

WO:  =  74-24 

MnO  =  2ro9 

FeO  =  2'o6 

CuO  =  -11 

MgO  =  trace 

SiOi  =  2' 1 3 

99'63 

.Chemicai,  Laboratory,  Univ.  of  Pa., 
Philadelphia,  May  21,  1889. 

*  Proc.  Amer.  Philos.  Soc,  188;,  211. 
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The  electrolytic    SEPARATION    of    CADMIUM 

FROM    ZINC. 


Bv  Edgar  F.  Smith  and  Lee  K.  Fkankel. 


[  Read  at  the  Meeting  of  the  Chemical  Section,  May  21 ,  iSSgl\ 

The  separation  of  these  metals  has  been  effected  by 
Yver  {Bull.  Sue.  Chiin.  dc  Paris,  34,  18),  who  employed  the 
acetates  for  this  purpose. 

Eliasberg  (Zeitschrift  fiir  Analyt.  Clicinic,  24,  548)  and 
Smith  and  Knerr  [Avt.  Cheni.  Journal,  8,  210)  confirmed  this 
observation,  at  the  same  time  empha.sizing-  the  fact  that  the 
current  should  be  carefully  regulated,  otherwise  unsatisfac- 
tory results  would  be  obtained.  A  solution  containing 
cadmium  and  zinc  as  tartrates,  together  with  free  tartaric 
acid,  will  also  yield  all  its  cadmium  to  a  current  generating 
0"4 — o"5  cc.  oxy-hydrogen  gas  per  minute  {Ayti.  Clicni.  Journal, 
8,  210).  We  have  no  record  of  other  salts  of  these  metals 
having  been  used  for  their  electrolytic  separation,  and 
therefore  have  taken  occasion  to  learn  what  the  result  might 
be  with  solutions  of  the  double  cyanides,  such  as  we 
employed  in  separating  mercury  and  copper  (Journal 
Franklin  Institute,  127, 469,  and  Am.  Cktm.Journal,\\,264). 

Beilstein  and  Jawein  (Ber.  d.  d.  client.  Gcsellschaft,  12,  446, 
762)  have  shown  that  both  cadmium  and  zinc  can  be  com- 
pletely precipitated  from  a  cyanide  solution,  but  have  not 
given  the  current  strength  employed  by  them  in  their 
experiments,  nor  did  they  attempt  the  separation  of  these 
metals  from  each  other. 

As  our  experience  with  mercury  and  copper  clearly  indi- 
cates, it  is  frequently  possible,  by  close  attention  to  the 
current,  to  effect  electrolytic  separations,  which  ordinarily 
seem  impossible.  With  this  fact  clearly  before  us,  our  first 
work  with  the  metals  now  under  consideration  was  to  ascer- 
tain how  feeble  a  current  would  suffice  for  the  complete 
deposition  of  each  metal,  when  alone  in  a  cyanide  solution, 
in  the  presence  of  an  excess  of  an  alkaline  cyanide.  We 
very   soon   discovered   that  the  cadmium  separated  readily 
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and  with  a  much  weaker  current  than  was  necessary  for  the 
deposition  of  the  zinc.  The  latter  will,  however,  separate 
from  a  cyanide  solution,  even  under  the  influence  of  a  feeble 
current,  but  not  until  the  excess  of  cyanide  has  been  com- 
pletely decomposed.  With  the  quantity  of  cyanide  used  by 
us,  and  "with  a  current  of  the  strength  indicated  below,  this 
complete  decomposition  of  the  alkaline  cyanide  is  not  likely 
to  occur  in  a  shorter  period  than  forty-eight  hours.  Hence, 
it  follows,  that  as  the  quantity  of  cadmium  used  in  our 
experiments  is  entirely  precipitated  in  a  little  more  than 
eighteen  hours,  the  complete  separation  of  cadmium  from 
zinc  is  thoroughly  feasible  by  this  method. 

All  our  experiments  were  conducted  in  the  cold,  and  care 
was  taken  in  each  case  to  examine  the  deposited  metal  for 
zinc,  and  the  residual  solution  for  cadmium.  The  conditions 
under  which  our  work  was  carried  on  and  the  results 
obtained  are  these  : 
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The  cadmium  deposit  was  light  gray  in  color  and  crys- 
talline in  structure.  It  was  washed  with  hot  water  and 
dried  upon  a  warm  iron  plate. 

Chemical  Laboratory  of  the  U.mv.  of  Pa., 
Philadelphia.  May  21,  18^9. 
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DERIVATIVES    OBTAINED    from    MONOCHLOR- 

DINITROPHENOL  and  BASES  of  the 

AROMATIC  SERIES. 


By  Edgar  F.  Smith. 


{^Rcad  at  the  Stated  Meeting  of  the   Chemical  Section,  May  21,  iSSg.l 

It  is  well  known  that  picric  acid  combines  readily  with 
bases  and  the  higher  hydrocarbons  of  the  aromatic  series  to 
form  well  crystallized  and  stable  compounds.  It  has,  how- 
ever, not  been  obsei^ved  that  phenols,  containing  less  than 
three  nitro-groiips,  together  with  other  negative  groups  or 
elements,  possessed  this  acidic  property  of  picric  acid. 
Several  years  ago  {Am.  C/wiii.  Journal,  1,  180)  I  discovered  that 
when  monochlordinitrophenol  (1:2:4:6)  and  aniline  were 
brought  together  there  resulted  a  rather  stable  derivative, 
which  did  not  decompose  in  aqueous  solution  until  after 
prolonged  boiling.  Recently  I  have  obtained  derivatives 
with  this  same  chlordinitrophenol  and  the  bases  and  hydro- 
carbon mentioned  below. 

The  phenol  itself  forms  yellow-colored  needles,  melting 
at  80°  C.  Its  a-naphtliylaminc  derivative  consists  of  brownish- 
yellow  crystalline  tufts,  composed  of  velvety  needles,  melt- 
ing at  131°  C,  and  solidifying  at  1 10^  C.  It  was  obtained  by 
dissolving  equal  quantities  of  the  phenol  and  «-naphthyl- 
amine  in  hot  alcohol ;  on  cooling,  the  new  compound 
separated  quite  rapidly.  It  dissolves  in  warm  water.  The 
o-toluidinc  derivative,  obtained  by  heating  together  equiva- 
lent quantities  of  the  phenol  and  toluidine,  consists  of 
golden  yellow  plates,  soluble  in  hot  alcohol.  It  melts  at 
140^0.,  and  solidifies  at  115°  C. 

The  p-toluidinc  compound  separated  from  its  alcoholic 
solution  in  reddish-yellow  needles,was  quite  soluble  in  water, 
and  melted  at  157°  C.  With  urea  the  phenol  does  combine, 
but  the  union  is  evidently  unstable,  since  by  exposure  to 
the  air  a  gradual  change  in  color  was  perceptible.  The 
carbazol  compound  consists  of  intensely  red  colored  needles, 
melting  at    i2i°C.     It   dissolves  qiiite   readily  in   alcohol. 
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With  p-nitranilinc  long  needles  were  obtained.  Tlieir 
lor  resembled  that  of  chromic  acid.  It  was  rather  difficult 
to  obtain  them  pure.  The  antliracene  derivative  forms 
plates  with  an  intense  red  color.  The  union  is  not  stable, 
and  exposure  to  the  air  causes  a  gradual  decomposition. 
The  inorpkine  compound  is  made  up  of  bundles  of  needles, 
having  a  deep  vermilion  color.  It  dissolves  in  alcohol,  and 
melts  at  97^C.  The  combination  with,  propylainiiic  is  a 
yellow,  crystalline  solid;  that  with  strychnine  consists  of 
yellow  nodular  crystals,  melting  at  212^ C. 

The  determination  of  the  carbon  and  hydrogen  in  the 
aniline  compound,  and  that  of  the  nitrogen  in  the  «-napthyl- 
amine  and  c-toluidine  derivatives,  show  that  all  the  pro- 
ducts described  above  are  very  probably  combinations  of  a 
molecule  of  the  chlordinitrophenol,  with  a  like  amount  of 
the  basic  body. 

I  have  further  observed  that  dichlormononitrophenol, 
obtained  in  the  nitration  of  dichlorsalicylic  acid  {Am. 
ChciH.  Jou7-nal,  8,  98),  does  not  unite  with  aniline,  so  that  it 
would  seem  that  the  acidic  character  of  the  phenol  reached 
its  limit  with  the  dinitro-product ;  and  that  union  with 
bases  such  as  those  given  above,  is  not  possible  when  but 
one  NO2  group  is  present. 

The  facts  here  communicated  are  to  be  regarded  as  pre- 
liminary to  an  investigation  now  going  on,  but  which  must 
shortly  be  suspended  for  some  months. 

Chemical  L.abor.atokv  of  Univ.  of  Pa., 
Philaueiphia,  Mav  21,  1880. 


CORRESPONDENCE. 


Washington,  D.  C,  June  20,  1889. 
To  tilt:   Cotiimiltee  on  Pubtna/ions. 

Gentlemen  : — The  following  graphic  construction  for  determining  the 
electrical  resistance  of  divided  circuits  has,  I  believe,  never  been  published. 
It  is  probably  of  no  practical  importance,  but  may  however  be  of  sufficient 
interest  to  be  placed  on  record. 

Let  it  be  required  to  determine  the  electrical  resistance  between  the  points 
.1/ and  A'of  Fig.  1,  connected  by  two  conductors;  one  of  three  ohmb  and 
the  other  of  six  ohms. 
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Through  two  arbitrary  points,  A  and  B,  of  an  indefinite  straight  Hne, 
draw  the  two  ordinates  A6,  Bj  proportional  to  the  given  resistances.  Through 
O,  the  intersection  of  the  diagonals  Aj,  B6,  draw  the  ordinate  OK,  the  length 
of  which  gives  the  required  resistance,  two  ohms. 


Fig.  2. 

Fig.  2  shows  the  same  construction  applied  to  a  divided  circuit  of  three 
branches  of  twelve  ohms,  nine  ohms  and  eighteen  ohms. 

The  branches  twelve  and  nine  have  a  combined  resistance  of  five  ohms, 
which  with  the  parallel  branch  of  eighteen  ohms  give  four  ohms. 

The  same  construction  may  evidently  be  applied  to  any  number  of 
branches.  J.  B. 


BOOK    NOTICES. 


The  Chronicle  Fire  Tables  for  1889.  A  record  of  the  fire  losses  in 
the  United  States  by  risks.  States  and  causes  during  1888,  with  exhibits  of 
the  monthly,  annual  and  aggregate  fire  losses  in  the  United  States  during 
fourteen  years  (1875-1888),  and  much  other  interesting  and  valuable 
information  for  fire  underwriters.  The  Chronicle  Company,  limited,  New 
York.     Price,  $5. 

This  excellent  statistical  work,  now  in  the  fifth  year  of  its  present  form 
(though  previously  a  smaller  volume  was  published,  with  data  not  so  full, 
dating  back  to  1875),  is  becoming  annually  more  and  more  important  ;  there 
is  not  a  similar  work  in  the  world  which  can  equal  it.  The  volume  is  of 
royal  octavo,  and  filled  with  the  fullest  data  pertaining  to  the  subjects  set  forth 
in  its  title.     There   is  a  general   review  of  the  fires  occurring  in  the  United 


Aug.,  1889.]  Book   Notices.  159 

States  during  1888,  with  discussions  and  comparisons  of  their  amounts  of 
losses  and  causes.  Next  comes  the  principal  tabular  statement,  occupying 
eighteen  pages,  wherein,  following  nearly  the  classification  of  the  Tenth 
Census  of  the  United  States,  the  number  of  fires  during  1888  in  each  classifi- 
cation is  given,  together  with  the  property  and  insurance  loss,  and  causes  of 
the  fires  reported. 

One  valuable  addition  hereto  is  a  list  of  fires  and  their  losses  happening 
in  warehouses  of  different  descriptions,  comprising  thirty-nine  kinds  of  stor- 
age. The  modes  used  to  insure  accuracy  are  known  to  us,  and  are  about  as 
perfect  as  human  ingenuity  can  devise.  Absolute  correctness  in  such  data 
is  not  possible,  but  here  is  a  close  approximation.  The  fires  and  their  losses 
are  afterward  given  in  same  classes  by  States  and  Territories,  occupying 
eighty-six  pages.  Another  table  exhibits  the  fires  by  causes,  with  number, 
losses  on  original  risks,  insurance  thereon,  losses  on  exposures  and  their 
insurances,  besides  the  character  of  risks  where  fire  originated.  Nothing 
could  be  better  devised  than  this  compendium,  in  connection  with  the  other 
data  given,  to  facilitate  study  of  this  subject. 

There  are  extensive  tabulations,  showing  the  number  and  kinds  of  risks 
burned  in  the  United  States  for  fourteen  years  (1875-18S8),  the  monthly 
losses  by  fire  in  States  and  Territories  during  1888  and  for  the  thirteen  previ- 
ous years ;  also,  an  appendix,  giving  the  number  of  lives  lost  by  fires  during 
the  past  year,  reports  of  tornadoes  accompanied  by  fires,  besides  much  other 
statistical  information  respecting  fires  due  to  special  causes,  such  as  electricitv, 
petroleum,  etc.  There  are  five  charts,  showing  by  various  degrees  of  shad- 
ing the  distribution  of  incendiarism  in  the  United  States,  and  several  dia- 
grams exhibiting  the  monthly  curves  of  incendiary  fires  and  their  failures 
during  the  year.  An  attractive  diagram  in  blue,  at  the  front,  shows,  bv 
different  divisions  and  shadings,  where  and  to  what  degree  fires  due  to 
defective  flues — one  chief  cause — prevailed.  We  think  that  all  business  men, 
insurance  companies,  attorneys,  students  and  all  public  institutions  and 
libraries  should  possess  these  valuable  fire  tables  and  the  four  volumes  which 
precede  them.  To  the  student  of  social  economy  they  are  simply  invalu- 
able.    N. 

Curve  Pictures  of  London  for  the  Social  Reformer.      By  Alex.  B. 
MacDowall,  M.A.     London:  Sampson  Low  &  Co.     i2mo.     1888. 

The  object  of  this  volume  of  fifty  pages  is  to  give  graphic  views  by  diagrams, 
each  having  a  page  of  explanation,  of  important  facts  relating  to  London 
and  phases  of  its  life  in  different  times  and  conditions.  These  diagrams 
show  in  various  percentages,  etc.,  the  population  of  the  city  and  its  density, 
birth  ,  marriage-  and  death-rates,  early  marriages,  deaths  by  disease  (four  dia- 
grams), suicides,  drunkenness,  licensed  houses,  apprehensions,  felonies  and 
property,  pauperism  (four  diagrams),  education,  illiteracy,  prices  of  com- 
modities and  prices  of  meat.  The  increase  or  decrease  of  the  subject  treated 
is  also  clearly  shown. 

The  population  is  compared  with  that  of  Scotland,  Paris  and  New  York; 
its  vast  increase  has  been  from  958,1:63,  in  iSoi,  to  3,800,000,  in  1881.  The 
density  of  population   per  acre  varies  much,  and  is  delineated  by  districts 
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and  sub-districts.  Marriage  is  shown  to  fluctuate  with  trade,  and  exhibits  a 
general  decline  ;  early  marriages,  however,  are  increasing,  thus  tending  to 
increase  poverty.  The  violence  of  the  principal  diseases  is  shown  at  different 
times,  and  by  number  of  deaths  per  1,000  of  population.  The  death  ratio 
of  the  city  has  fallen  with  improved  conditions  of  life.  This  enumeratiijn 
will  suffice  to  show  the  student  of  economic  science,  and  others,  that  here  is 
a  considerable  field  for  research.  This  condensed  work  holds  information 
which  could  fill  a  volume  five  times  its  size.  The  book  is  well  worthy  of 
careful  study.  S.  H.  N. 

NOTES  AM)  COMMENTS. 


MECHANICS. 

Products  of  the  Simonds  Rolling  Machine.  By  S.  L.  Wiegand. 
(Abstract  of  remarks  made  at  the  Stated  Meeting,  held  Wednesday,  June  19, 
i88g.) — At  the  meeting  of  the  Institute,  held  one  year  ago,  Mr.  George  F. 
Simonds,  of  Fitchburg,  Mass.,  e.\hibited  by  a  model  and  explained  by  dia- 
grams, a  newly-invented  machine  for  rolling  metals  into  forms  which  not 
only  performed  the  work  of  the  smith  forge  better  than  smiths  had  ever  done 
it,  but  also  produced  many  articles  in  metal  completely  finished  without  either 
cutting,  filing  or  grinding  them.  (His  paper  was  published  in  the  Journal, 
July,  1888.) 
■  This  invention  was  referred  to  the  Committee  on  Science  and  the  Arts, 
and,  after  careful  examination,  was  pronounced  so  important  and  useful  that 
the  Elliott  Cresson  Medal  was  awarded  to  him  for  it,  and  their  report  was 
published  in  full  in  the  Journal  for  November,  1888. 

Conspicuous  among  the  products  shown  were  very  accurately  formed, 
hardened  and  polished  cast-steel  balls  for  use  in  avoiding  friction  between 
the  parts  of  macl  ines. 

Many  persons  observing  them  and  their  intended  application,  expressed 
doubt  of  their  utility  and  durability. 

The  diagram  (on  the  screen)  shows  them  in  several  applications  in  which 
they  have  been  tested  severally  with  the  best  results,  as  to  easy  running  of 
the  machines  and  their  apparently  excellent  durability. 

Another  slide  shows  the  improved  form  of  machine  for  making  such  balls 
in  which  the  balls  are  used  in  all  the  high-speeded  bearings. 

Incidentally  there  occur  in  this  machine  two  worm-wheels  and  endless 
screws,  replacing  a  train  of  spur-wheels  and  pinions  employed  in  the  earlier 
machine,  and  which  show  a  marked  and  most  unexpected  durability  at 
high  speed  under  great  strain  and  indicate  that  under  high  velocities 
and  with  proper  lubrication,  such  gearing  moves  with  less  friction,  propor- 
tionally, than  in  slower  moving  machines — a  fact  of  considerable  interest  to 
machine  constructors,  encouraging  them  to  avoid  long  trains  of  reducing 
mechanism  to  convert  the  high  velocities  of  electric  motors  into  the  slower 
speeds  demanded  by  many  operations  in  the  art«. 

A  number  of  additional  specimens  are  here  shown,  an  inspection  of 
which  will  tell  more  to  the  eye  of  a  mechanic  than  anything  that  can  be  said. 
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MONTHLY  WEATHER   REVIEW 

For  JUNE,  1889. 


Prepared  under  the  Direction  of  the   Committee  on  Akteorology  of  the 
Franklin  Institute. 


Hall  of  the  Franklin  Institute, 
Philadelphia,  June  30,  1889. 
temperature. 

The  mean  temperature  for  the  month  of  June,  iSSg,  was  66°-5,  which  is 
from  two  to  three  degrees  below  the  average,  and  two  degrees  below  the  cor- 
responding month  of  last  year. 

The  means  of  the  daily  maxima  and  minima  were  76°'4  and  57°'0, 
respectively. 

Neither  extreme  high  nor  low  temperatures  were  noted  during  the  month. 

The  warmest  period  at  most  stations  was  on  the  21st,  and  the  coldest  on 
the  2d,  7th  and  24th.  Frost  occurred  in  some  of  the  northern  border  counties 
on  these  dates. 

The  highest  recorded  temperatures  were  :  Reading,  95°  ;  Carlisle,  93°  ; 
Pottstown,  91°  and  York,  91°. 

The  lowest  were  Dyberry,  33°;  Honesdale,  35°,  and  State  College,  37°. 

BAROMETER. 

The  mean  pressure  was  006  above  the  normal.  The  greatest  pressure  was 
on  the  24th,  and  the  least  on  the  5th.     The  extreme  range  was  about  075. 


PRECIPITATION. 

The  average  rainfall  for  June,  1889,  was  5'43  inches,  which  is  an  excess  of 
I  63  inches. 

The  entire  month  was  characterized  by  frequent  and  heavy  rainfalls.  The 
great  and  destructive  rain-storm  of  the  30th  and  31st  of  May  continued  to  the 
morning  of  June  1st  over  a  great  extent  of  country.     On  the  last-named  date, 
over  twenty  stations  report  a  fall  of  from  one  to  three  inches,  making  a  total 
in  inches  for  the  three  days'  storm,  as  follows  :    Wellsboro,9'8o  ;  McConnells- 
burg,    8'99  ;  Grampian    Hills,    8'6o;   Harrisburg,  778;    Selins  Grove,  7-53 
Charlesville,  7'5o;   Huntingdon,  6-57  ;  Coudersport,  6'33  ;  Phillipsburg,  6'09 
Smethport,  6'0o  ;  New  Bloomfield,  6'I4;  Emporium,  5'97  ;  Hollidaysburg,  5B0 
Eagles  Mere,  5"53  ;  Altoona,  5^33  ;  Girardville,  4'59;   Somerset,  4^43  ;   Myers- 
town,  3-37. 

For  the  month  of  June,  i  station  had  rain  on  21  days,  4  stations  on  20 
days,  I  station  on  19  days,  and  3  stations  on  18  days.  The  average  for  the 
sate  was  i  5  days. 

The  following  stations  report  the  greatest  total  in  inches  :  Wellsboro, 
1 0-04  ;  Myerstown,  866  ;  Reading,  8'2i  ;  Girardville,  8'0I  ;  Scisholtzville, 
7'9i  ;  Ottsville,  7'58 ;  Smith's  Corner,  7"54  ;  Uniontown,  7-36  ;  Quakertown, 
7'3i,  and  Harrisburg,  7-i8. 

The  excessive  rainfall,  and  the  unusual  number  of  rainy  days,  marks  the 
month  as  exceptionally  wet.  With  the  exception  of  the  2d,  23d  and  24th, 
rain  fell  on  every  day  in  some  part  of  the  state. 

WIND    AND    WEATHER. 

The  prevailing  winds  were  from  the  west  and  southwest,  with  no  severe 
and  general  gales.  A  few  frosts  were  reported,  but  no  damage  of  any 
amount  resulted  from  them.  The  month  was  excellent  for  the  growth  of  all 
vegetation,  and  large  crops  were  secured  where  harvesting  was  not  interfered 
with  by  the  excessive  wet. 

In  some  sections  the  damage  to  the  hay  crop  was  very  great. 

Average  number. — Rainy  days,  15;  clear  days,  5;  fair  days,  12;  cloudy 
days,  13. 

MISCELLANEOUS    PHENOMENA. 

Thunder-s/oniis.—C\\?ix\eiv\\\e,\\.\i,  nth,  14th,  l6th,  21st,  28th;  Reading, 
4th,  5th,  9th,  lith,  15th,  17th,  2lst,  29th,  30th  ;  Hollidaysburg,  14th,  21st; 
Quakertown,  9th,  nth,  15th,  17th,  21st,  29th;  Emporium,  21st,  30th;  State 
College,  4th,  2ist,  28th  ;  Philhpsburg,  15th,  21st;  West  Chester,  5th,  loth, 
15th,  17th,  2ist;  Coatesville,  5th,  loth,  15th,  17th,  21st,  30th;  Rimersburg, 
14th,  19th,  2lst,  27th,  30th;  Carlisle,  9th;  Harrisburg,  17th:  Swarthmore, 
5th,  loth,  nth,  14th,  15th,  2ist,  30th;  Uniontown,  I4ih;  Huntingdon,  4th, 
nth,  15th,  17th,  28th;  Indiana,  nth;  New  Castle,  4th,  17th,  27th;  Myers- 
town,  5th,  9th,  nth,  15th,  17th,  2ist;  Smethport,  21st;  Greenville,  17th,  30th; 
Pottstown,  4th,  15th  ^  New  Bloomfield,  4th,  9th,  15th,  21st  ;  Philadelphia,  4th, 


Service  for  June,  1889. 
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Oscar  D.  Stewart,  Sgt.  Sig.  Corps. 

Rev.  A.  Thos.  G.  Apple. 

C.  M.  Dechant,  C.E. 

Dr.  Charles  B.  Dudley. 

Prof.  J.  A.  Stewart. 

Charles  Beecher. 

J.  C.  Hilsman. 

J.  L.  Heacock. 

T.  B.  Lloyd 

Prof.  Wm.  Frear. 

Geo.  H.  Dunkle. 

lessee.  Green,  D.D.S. 

W.  T.  Gordon. 

Rev.  W.  W.  Deatrick,  A..M. 

C.  M.  Thomas,  B.S. 
Nathan  Moore. 
Prof.  John  A.  Robb. 
Robert  M.  Graham. 

R.  B.  Derickson. 

J.  E.  Pague. 

Frank  Ridgway,  Sgt.  Sig.  Corps. 

Prof.  Susan  J.  Cunningham. 
Peter  Wood,  Sgt   Sig.  Corps. 
Wm    Hunt. 
Thomas  F.  Sloan. 

Prof.  W.J.  Swigart. 

Prof.  Albert  E    Maltby. 
Wm.  T.  Butz. 
Wm.  H.  Kline. 

Geo.  W.  Bowman,  A..\I.,  Ph.D. 
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H.  D.  Miller,  M.D. 
.Armstrong  &  Browncll. 

Prof  S.  H.  Miller.  ' 

Charles  Moore,  D.D.S. 

Lerch  &  Rice. 

Frank  Mortimer. 

Luther  M.  Dey,  Sgt.  Sig  Corps. 

C.  L.  Peck. 

E.  C.  Wagner. 

J.  M.  Boyer, 

W.  M.  Schrock. 

E.  S.  Chase. 

H.  D.  Deming. 

Wm.  Loveland. 

Theodore  Day. 

John  Torrey. 

Mrs.  L.  H.  Grencwald. 


T.  F.  TowNSEND,  Sergeant  Signal  Corps,  Assistant. 


Monthly  Summary  of  Reports  by  Voluntary  Observers  of  the  Pennsylvania  State  Weather  Service  for  June,  1889. 
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Rev.  A.  Thos.  G.  Apple. 
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Prof.  J.  A.  Stewart. 

Charles  Beecher. 
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E  E  Frank  Ridgway,  Sgt.  Sig.  Corps. 

SW  SW  1   Prof.  Susan  J.  Cunningham. 
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Obienrations  taken  at  8  A.  M.  and  8  P.  M.        »  Observations  taken  at  12  Noon 


T.  F.  TowNSEND,  Sergeant  Signal  Corps,  Assistant. 
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nth,  15th;  Coudersport.  21st,  28th  ;  Girardville,  4th,  gth,  28th,  29th  ;  Selins 
Grove,  4th,  gth,  loth,  15th,  21st,  29th;  Somerset,  4th,  16th,  19th;  Wellsboro, 
15th,  2ist,  28th;  Columbus,  15th,  i6th,  17th,  20th,  21st  ;  Dyberry,  9th,  i  ith, 
15th,  i6th,  2ist,  29th;    York,  iith,  17th,  21st. 

Hail. —  Dyberry,  15th. 

Frost. — Phillipsburg,  24th;  Wellsboro,  23d,  24th  ;  Dyberry,  7th  ;  Hones- 
dale,  7th. 

CoroncE. — Charlesville,  4th,  nth,  12th;  Reading,  15th,  17th;  Somerset, 
8th,  9th. 

Solar  Halos. — Charlesville,  21st,  24th,  29th;  Reading,  4th,  15th;  Potts- 
town,  4th;  Wellsboro,  19th;  Dyberry,  3d,  19th,  25th. 

Lunar  Halos. — Charlesville,  loth  ;  Rimersburg,  gth  ;  Carlisle,  gth,  loth  ; 
Indiana,  8th;  Wellsboro,  20th. 

Auroras. — Greenville,  20th  ;  Girardville,  23d  ;  Selins  Grove,  23d. 

WEATHER  FORECASTS. 

Percentage  of  local  verifications  of  weather  and  temperature  signals  as 
reported  by  displaymen  for  June,  1889: 

Weather,  76  per  cent. 
Temperature,  88  per  cent. 

TEMPERATURK    AND    WEATHER    SIGNAL    DISPLAY    STATIONS. 
Dis/>iayfnan.  Station. 

U.  S.  Signal  Office, Philadelphia. 

Wanamaker  &  Brown " 

Pennsylvania  Railroad  Company " 

Continental  Brewing  Company " 

Samuel  Simpson, " 

B.  T.  Babbitt 

Western  Meat  Company " 

Neptune  Laundry " 

Chester  Oil  Company Chester. 

C.  W.  Burkhart, Shoemakerville. 

A.  N.  Lindenmuth Allentown. 

C.  B.  Whitehead Bradford. 

Capt.  Geo.  R.  Guss West  Chester. 

Werner  &  Son ....  Emporium. 

C.  E.  Lenhart Latrobe. 

Thomas  F.  Sloan McConnellsburg. 

J.  H.  Fulmer, Muncy. 

W.  T.  Butz New  Castle. 

S.  W.  Morrison Oxford. 

Capt.' A.  Goldsmith, Quakertown. 

J.  L.  Morrison Sharon. 

Wm  A.  Engel, Shenandoah. 


4 

Displayinan.  Station. 

Wm.  Schrock Somerset. 

Postmaster, Meadville. 

Frank  Ross Oil  City. 

Lerch  &  Rice Bethlehem. 

John  W.  Aitken, Carbondale. 

Signal  Office, Erie. 

J.  R.  Raynsford Montrose. 

E.  P.  Wilbur  &  Co South  Bethlehem. 

Agricultural  Experiment  Station State  College. 

Signal  Office, Pittsburgh. 

E.  H.  Baker Williamsport. 

Neiv  Era,  . Lancaster. 

State  Normal  School Clarion. 

Clarion  Collegiate  Institute Rimersburg. 

E.  S.  Chase Eagles  Mere. 

Thiel  College, Greenville. 

D.  G.   Hurley Altoona. 

Armstrong  &  Brownell Smethport. 

J.  E.  Forsythe Butler. 

James  H.  Fones, Tionesta. 

Wister,  Hacker  &  Savage Germantown. 

W.  J.  Thompson  &  Co Clifton  Heights. 

Steward  M.  Dreher Stroudsburg. 

State  Normal  School, Millersville. 

E.  C.  Wagner Girardville. 

Hartford  P.  Brown Rochester. 

L.  H.  Grenewald York. 

J.  E.  Pague Carlisle. 

C.  L.  Peck Coudersport. 

H.  D.  Miller Drifton. 

Smith  Curtis Beaver. 

M.  Tannehill Confluence. 

S.  C.  Burkholder Pollock. 

Robt.  M.  Graham, Catawissa. 

Henry  F.  Bitner Millersville. 

A.  J.  Edelman Pottstown. 

A.  M.  Wildman Langhorn. 

N.  E.  Graham, East  Brady. 

B.  F.  Gilmore Chambersburg. 

Frank  M.  Morrow Altoona. 

A.  Simon's  Sons Lock  Haven. 

E.  W.  McArthurs, Meadville. 

J.  K.  M.  McGovern Lock  No.  4. 

Raftsman  s  Journal, Clearfield. 

W.  S.  Ravenscroft Hyndman. 

R.  C.  Schmidt  &  Co Belle  Vernon. 
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Fig.  2. — Section  through  Suction. 
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Fig.  3. — Section  through  Pump  Chamber. 
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Some  DIFFICULTIES  ENCOUNTERED  in   the  OPER- 
ATION OF  PUMPS,  AS  MET  BY  THE  "POSITIVE 
PISTON  PUMP." 


By  Josiah  Dow. 


To  raise  a  column  of  fluid,  power  applied  with  a  pump 
yields  directly  effective  work  in  overcoming  gravity  of  the 
mass,  and  the  friction  which  is  indispensable  from  necessary 
contact  in  pipes  and  pump  chamber.  These  resistances  are 
obvious  necessities,  with  any  method  we  may  employ.  In 
practice,  however,  other  resistances  are  developed,  arising 
from  mechanical  methods  of  construction,  which  absorb 
power,  often  to  a  great  degree,  where  it  yields  no  effective 
work,  while  causing  much  wear  and  tear. 

The  reciprocating  system  has  maintained  pre-eminence, 
because  by  the  piston  or  "plunger"  any  desired  pressure 
can  be  directly  applied  against  the  column  of  fluid  to  be 
moved.  Were  it  possible  to  make  this  action  continuous, 
Whole  No.  Vol.  CXXVIII.— (Third  Series,  Vol.  xcviii.)  11 
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without  reversals  of  reciprocation,  no  resistances  would  be 
met  in  addition  to  those  noted  as  inseparable  from  efficient 
work,  and  momentum  would  become  an  aiding  and  equaliz- 
ing force,  as  it  does  with  the  fly-wheel  of  a  steam  engine. 
But  reciprocation  converts  this  force  into  an  active 
resistant. 

Water  not  being  compressible  to  any  appreciable  extent, 
and  possessing  much  weight,  through  its  momentum  causes 
.serious  difficulties  in  operating  reciprocating  pumps,  which 
were  expressed  by  the  late  Mr.  H.  R.  Worthington,  to 
whom  we  are  so  much  indebted  for  iniprovement  in  pump- 
ing machinery,  in  these  words :  "  A  moment's  reflection 
will  show  that  when  the  motion  of  a  pump  changes,  the 
valves  are  in  the  wrong  relation  thereto,  and  must  be 
immediately  changed.  For  an  instant  of  time,  therefore, 
the  resistance  is  suspended,  much  as  in  the  case  of  a  gear 
suddenly  reversed  and  producing  '  backlash.'  "  Again  he 
wrote,  when  referring  to  the  valves  of  a  pumping  engine  : 
"  Before  one  set  can  be  seated  and  the  other  lifted,  the 
engine,  by  a  sudden  jump,  strikes  the  water  heavily  and 
pounds  the  valves  to  their  seats.  Hence,  the  noise  which 
always  has,  and  always  will,  to  a  greater  or  less  degree, 
mark  the  self-destructive  action  of  an  ordinary  reciprocating 
pump."  Mr.  Worthington's  remedy  was  to  allow  the 
valves  to  seat  themselves  by  gravity  before  beginning  the 
return  stroke.  This  necessitated  a  very  low  rate  of  speed  and 
reduced  resistance  to  the  extent  that  would  be  realized 
from  a  body  at  rest,  instead  of  moving  to  meet  a  momen- 
tum. He  also  appears  to  have  used  another  means  for 
relieving  impact,  by  making  the  valve  openings  of  such 
area  that  water  would  not  flow  fast  enough  to  fill  the 
chamber  until  after  the  plunger  had  come  to  rest ;  for  he 
writes:  "It  reaches  the  end  of  its  stroke  and  stops — what 
follows  ?  The  water  continues  to  press,  by  its  momentiim, 
into  the  chamber,  filling  every  inch  of  space." 

A  modification  of  this  practice  is  a  well-known  necessity 
with  builders  and  operators  of  all  reciprocating  pumps  which 
move  large  masses  of  water.  Taking  ten  of  the  best  known 
pumping  engines  in  this  country,  we  find  a  speed  of  only 
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eight  to  nineteen  revolutions  per  minute.  Indicator  cards 
taken  from  water  cylinders  of  such  pumping  engines,  show 
that  those  which  run  at  the  highest  rate  of  this  very  mod- 
erate speed,  exhibit  clearly  the  "water  hammer"  in  its 
sudden  resistance  against  the  plunger.  Therefore,  to  lessen 
this  resistance,  a  low  rate  of  speed  must  be  maintained. 
Large  air  chambers  are  provided  for  the  same  purpose;  also 
the  passages  and  valves  must  be  carefully  proportioned  to 
a  definite  rate  of  speed. 

Small  reciprocating  pumps  often  run  at  higher  speeds; 
in  such  cases  there  is  much  vibration  and  resistance  from 
impact,  with  great  wear  and  tear;  but,  as  the  containing 
parts  are  proportionately  strong,  these  difficulties  have 
assumed  position  as  necessary  evils,  although  the  concus- 
sions and  vibrations  may  often  be  heard  and  felt  throughout 
large  buildings.  That  we  may  reach  some  idea  of  the  real 
value  of  this  destructive  work,  let  us  examine: 

\\\  The  physical  laws  which  govern  reaction,  when 
motion  of  a  bod\-  is  arrested. 

(2)  The  results  of  expert  tests,  exhibiting  value  of  the 
reaction  in  pumps. 

( 3 1  Mechanical  construction  of  reciprocating  pumps, 
which  causes  the  reactionary  resistance. 

For  the  physical  laws  it  will  be  sufficient  to  select  three 
well-known  authorities : 

From  Professor  Rankine:  "Momentum  is  the  product 
'if  the  mass  of  a  body  into  its  velocity,  in  units  of  distance 
per  second." 

"The  reaction  of  a  retarded  body  is  as  the  force  required 
to  produce  the  change  of  velocity." 

From  Professor  Thurston:  "Acceleration  and  retarda- 
tion of  masses  in  motion  can  only  be  produced  by  doing 
work  upon  them,  or  by  causing  them  to  do  work." 

"  Every  mass  undergoing  retardation  must  perform  work, 
■ind  thus  must  restore  energ\-  previous!}-  communicated  to 
it." 

From  Weisbach:  "There  can  be  no  action  of  a  foi"ce, 
without  an  equal  and  contrary  reaction." 

Work  performed  by  a  moving  mass  of  water,  confined  in 
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a    pipe,  on   coming  to  rest,  is  represented  by  the  familiar 

expression — 

IV  T- 

iJ/^^or  "    ^ 


2  "■ 


Where  If  represents  weight  of  water  in  the  pipe,  in  pounds;'- 
V  its  final  velocity,  in  feet  per  second,  and  g  (gravity)  32-2. 
The  quotient  is  in  units  of  one  second,  because  / '  and  g  are 
in  units  of  one  second;  therefore,  if  the  mass  is  brought  to 
rest  in  a  definite  time,  the  rate  of  doing  work  through  its 
momentum  will  be 

the  unit  of  T  being  one  second. 

E.  g.,  a  sixteen-inch  suction  pipe,  forty  feet  long,  con- 
tains 3,500  pounds  of  water ;  take  its  motion  at  the  moderate 
speed  of  three  feet  per  second,  which  is  arrested  within  the 
time  of  change  in  direction  of  a  pump  plunger,  running  at 
fifteen  revolutions  per  minute.  This  would  give  15  X  2  =  30 
movements  of  the  plunger  per  minute.  Allowing  for  change 
in  direction  one-twentieth  of  each  stroke,  or  one-tenth  of  a 
second  (time  in  which  water  is  brought  to  rest,  as  shown  by 
many  indicator  cards,  is  often  less  than  this),  then  is — 

^^^^  =  4891-3  foot  pounds, 
64-4  X  0-1  f  ' 

the  power  by  which  such  a  column  of  water  resists  being 
brought  to  rest  in  one-tenth  of  a  second.  To  restore  the 
same  degree  of  motion,  in  a  time  equal  to  that  which 
brought  it  to  rest,  requires  an  equal  measure  of  power. 

A  familiar  illustration  of  these  laws  is  found  in  the 
hydraulic  ram,  which  is  analogous,  in  its  useful  work,  to  the 
destructive  work  of  the  "water  hammer"  in  a  pump,  includ- 
ing application  of  an  air  chamber  to  avoid  rupture. 

The  sudden  closing  of  a  cock,  after  drawing  water,  under 
pressure,  through  it,  is  also  a  familiar  illustration :  To  avoid 
risk  from  heavy  impact,  the  pipe  is  usually  continued  above 
and  beyond  the  cock,  that  it  may  contain  an  air  cushion. 

It  was  shown  by  experiments  made  in  1884,  and  pub- 
lished in  Transaciions  of  American    Society  of  Civil  Engineers 
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for  1885,  that  arresting  a  velocity  of  5'36feet  per  second,  with 
water  in  pipes  aggregating-  a  length  of  272  feet,  yielded  a 
force  of  impact,  upon  being  brought  to  rest,  equal  to  i29"3 
pounds  per  sqiiare  inch.  More  than  half  of  the  pipe  was 
very  small,  which  would  cause  retardation  through  friction, 
and  prevent  a  free  action  at  the  outlet  from  momentum  of 
the  whole  mass.  The  terminal  length  was  but  one  inch  in 
diameter. 

The  report  made  by  a  board  of  experts  for  testing  a  large 
pumping  engine  at  Cincinnati,  in  1879,  shows  that  "  pres- 
sure per  superficial  inch  of  pump  piston,  required  to  open 
the  suction  and  delivery  valves,  in  addition  to  frictional 
resistance  of  water  passages  into  and  out  of  the  pump,  was 
i3'44  pounds  (8-8 16  inlet,  4"624  outlet").  Here,  the  resistances 
upon  the  inlet  side  of  a  reciprocating  pump  are  shown  to  be 
about  double  the  value  of  those  upon  the  outlet  side.  In 
the  record  of  a  series  of  tests,  made  in  1885,  by  engineers  of 
the  Philadelphia  Water  Department,  upon  a  direct-action 
reciprocating  pump,  with  eight-inch  pipes,  working  against 
a  head  of  129  feet,  and  without  suctional  lift,  there  is  shown 
a  loss  of  effective  indicated  horse-poVer  of  thirteen  per 
cent.     This  was  apparently  sustained  at  the  outlet  side. 

B}-  comparing  expert  tests  upon  eight  of  the  best  known 
water-works  pumps,  it  is  shown  that  loss  of  force  expended 
within  the  water  cylinders — ascertained  by  testing  the 
effective  work  delivered  into  water  mains  by  the  pump — 
varied  from  fourteen  to  twenty-five  per  cent.,  and,  in  one 
case,  twenty-seven  per  cent,  of  the  indicated  horse-power  at 
the  engines.  Smaller  pumps  show  much  greater  percent- 
ages of  loss.  The  tests  we"e  all  made  with  pumping 
engines  built  for  the  best  economy  of  work,  and  running  at 
low  speed  for  the  purpose  of  avoiding  as  much  as  possible 
the  resistances  under  discussion.  None  of  them  were  pumps 
working  in  connection  with  direct  distribution,  which  often 
necessitates  very  high  pressure  and  greater  speed.  Accel- 
eration of  speed  will  rapidly  increase  losses  from  arrested 
momentum,  notwithstanding  the  use  of  air  chambers, 
because  they  cannot  effect  avoidance  of  the  reaction  ;  they 
receive  it  as  would  a  spring,  to  immediately  restore  it  again. 
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and  only  lend  a  partial  elasticity,  near  the  point  of  impact, 
but  not  in  direct  line  with  it.  Indicator  cards  from  the 
water  cylinders  show  this  reaction  sometimes,  in  decreasing 
vibrations,  throughout  the  whole  stroke.  Occasionally,  at 
high  speed  of  flow,  for  a  moment,  resistance  to  closing  the 
inlet  valves  is  so  great  that  the  current  passes  directlv 
through  both  sets  of  valves,  and  almost  completely  blocks 
the  mass  of  water  within  the  cylinder  which  the  plunger  is 
struggling  to  remove. 

We  are  now  brought  to  mechanical  methods  of  construc- 
tion which  develop  these  reactions.  The  usual  form  of 
reciprocating  pump,  for  large  masses  of  water,  is  that  in 
which  a  plunger,  closely  fitting  in  its  travel  through  the 
cylinder  or  water  chamber,  or  through  a  partition  dividing" 
it  in  two,  draws  the  suction  and  forces  the  discharge,  alter- 
nately at  each  direction  of  the  travel,  acting  by  displace- 
ment. Water  can  pass  into  one  end  or  the  other  of  the 
chamber,  to  follow  the  retreating  plunger,  only  through 
valves  opening  inward,  of  which  two  sets,  each  for  its  own 
end,  control  the  current.  A  similar  arrangement  is  made 
with  the  outlet  valves,  which  are  placed  at  the  opposite  side 
of  the  chamber  and  open  outward.  As  the  plunger  retreats 
in  its  motion,  one  set  of  outlet  valves  close  upon  their  seats, 
and  atmospheric  pressure  forces  the  suction  column  into  the 
space  left  for  it  in  the  chamber  through  the  opposite  inlet 
valves,  while  the  advancing  side  of  the  plunger,  having  first 
arrested  the  suction,  presses  forward  the  discharge  column. 
A  stroke  completed,  not  only  is  the  motion  of  the  plunger 
stopped,  with  weight  belonging  to  itself  and  connecting 
parts,  but  also  motion  of  the  water  on  either  side  of  it  and 
in  the  pipes  :  momentum  directly  opposes  this  stoppage  and 
the  immediatelv  following  change  in  motion  of  the  plunger. 
At  this  critical  moment  for  the  exertion  of  power  by  recip- 
rocation, reaction  from  momentum  is  only  prevented  from 
becoming  a  destructive  blow,  through  the  use  of  air  cham- 
bers. This  action  and  reaction  are  repeated  with  every 
stroke. 

Were  the  valves  few  and  large,  they  would  require  a  full 
movement  from  Jtheir  seats  to  admit  a  sufficient  volume  of 
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water,  and  would  cause  much  loss,  through  "slip,"  before  a 
closing  could  be  effected.  Consequently  they  are  often 
small  and  numerous,  with  but  little  lift,  to  secure  quick 
closing.  The  partition  containing  them,  when  they  are 
closed,  offers  a  complete  impediment  to  the  flow,  and  when 
open,  they  remain  directly  in  the  way  of  a  subdivided  cur- 
rent, while  the  partition  is  still  an  obstruction,  together 
causing  not  only  friction  in  proportion  to  the  velocity  of 
flow,  but  also  conflicting  and  churning  counter  currents,  as 
the  streams  impinge  against  the  valves,  to  be  deflected 
radially  at  sharp  angles  and  to  come  in  contact  with  each 
other. 

Because  impact  from  momentum  increases  as  the  square 
of  the  velocity,  the  limit  of  speed  at  which  a  reciprocating 
pump,  handling  large  masses  of  water,  can  be  run  safely 
and  economically,  is  soon  reached.  This  necessitates  the 
use  of  much  larger  pumps,  at  much  lower  speed,  than  would 
be  necessary  were  momentum  an  aid  instead  of  an  obstruc- 
tion. 

The  centrifugal  system  of  pumping  completely  avoids 
obstruction  by  valves,  and  develops  no  concussions  through 
resistance  to  momentum.  Consequently,  it  permits  the 
movement  of  large  voktmes  with  high  rates  of  speed.  A 
centrifugal  pump,  however,  as  the  name  sufficiently  indi- 
cates, does  not  apply  power  directly  to  the  lifting  and  mov- 
ing forward  of  a  column  of  fluid,  and  unless  water  flows  to 
it,  or  the  pipe  is  first  filled,  it  will  draw  no  suction  beyond  a 
very  trifling  height.  The  power  necessary  to  drive  it 
increases  in  a  much  greater  ratio  than  the  heights  of  deliv- 
ery. A  well-known  maker  of  these  pumps  has  given  the 
following  rule  for  determining  the  application  of  power  to 
them:  "The  amount  of  power  necessary  is  a  function  of 
the  height  to  be  attained,  multiplied  by  its  square  root,  or 
h\   h  =  V  k\" 

E.  g.,  a  pump  requires  ten  horse-power  to  raise  water 
six  feet.  It  will  require,  if  the  height  is  increased  to  fifty- 
four  feet,  9X1  9  X  10  =  270  horse-power,  and  not  simply 
the  original  power  multiplied  b}'  nine,  which  would  be 
ninety  horse-power. 
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Although  centrifugal  pumps  depend,  for  efficient  work, 
upon  a  high  rate  of  speed,  yet  there  is  a  limit  of  speed 
beyond  which  their  efficiency  decreases.  This  limit,  for  the 
outer  ends  of  the  fans,  is  stated  by  different  makers  to  be 
from  twelve  to  about  twenty-five  feet  per  second.  By  corn- 
paring  the  best  authorities  regarding  the  efficiency  of  work 
done  by  these  pumps,  we  find  it  to  vary  from  twenty-four 
to  sixtv  per  cent,  of  the  whole  power  applied,  when  working 
against  the  moderate  lift  at  which  they  perform  their  best 
duty:  this  for  small  sizes  is  abotit  fifteen  feet;  very  large 
sizes  carry  their  efficiency  to  higher  lifts. 

A  centrifugal  pump  is  the  same  in  principle,  and  essen- 
tially in  construction,  as  a  fan  blower.-  The  well-known 
•disproportion  of  power  to  useftil  effect  in  running  fan 
blowers,  for  any  but  a  very  low  pressui^e  of  air,  is  repeated 
with  the  pump,  except  that  the  pump,  as  it  deals  with 
greater  mass,  has  the  advantage  of  momentum.  Discharge 
from  the  blower  may  be  completely  stopped  by  a  moderate 
obstruction,  notwithstanding  a  rapid  movement  of  the  fans. 
With  the  pump,  water  moving  at  high  speed,  through  its 
momentum,  would  prevent  such  obstruction  without  great 
resistance ;  but,  let  the  discharge  opening  be  firmly  closed 
and  then  full  motion  may  set  up,  while  water  can  fill  the 
pump,  but  none  be  discharged  from  it,  and  there  will  be 
but  little  force  developed  from  movement  of  the  fans,  for 
they,  with  the  water  contained  within  their  periphery,  then 
form  a  nearly  solid  and  balanced  mass,  meeting  but  little 
resistance  to  its  motion  other  than  that  caused  by  friction 
with  the  surrounding  parts.  This  will  illustrate  the  reason 
why  there  is  always  a  limit  of  lift  beyond  which  a  centrifu- 
gal pump  can  yield  no  efficient  duty  and  at  last  effect  no 
discharge  at  all.  The  fact  that  a  fan  blower  can  increase  or 
decrease  the  pressure  of  air  only  within  a  poiind  to  the 
square  inch,  at  its  best  work,  sufficiently  accounts  for  the 
inability  of  a  centrifugal  pump  to  draw  its  own  suction 
without  priming. 

Pumps  which  have  been  known  under  the  general  title 
of  "  Rotaries,"  also  avoid,  in  most  of  their  methods  of  con- 
struction, reaction  from   momentum   and   resistance  from 
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valves.  Thev  contain  one  or  more  sets  of  rotary  vanes  or 
buckets ;  sometimes  intermoving-  with  each  other  in  a 
similar  manner  to  that  of  the  teeth  of  gears;  sometimes 
running  concentrically  with  the  chamber,  like  a  paddle- 
wheel  in  its  box :  and  sometimes  sliding  in  and  out  of  a 
hub  or  drum  having  its  periphery  in  contact,  or  nearly  so, 
with  one  side  of  the  chamber.  Provision  is  usually  made 
for  automatically  closing  a  radial  section  of  the  passage  or 
passages  through  which  the  vanes  or  buckets  move,  in  such 
manner  that  they  shall  not  be  obstructed,  while  the  current 
can  be  carried  around  through  the  open  portions  from  the 
inlet,  placed  at  the  outer  cii'cumference  of  the  chamber,  to 
the  discharge  at  the  opposite  side. 

There  have  been  various  modifications  of  these  general 
■designs,  but  the  greater  part  of  them  involve  similar  princi- 
ples. The  volitme  of  water  moved  by  them  is  relatively 
large,  but  they  have  not  competed  successfully  with  the 
reciprocating  svstem.  There  have  been  several  causes  for 
this;  such  as  the  dithculties,  with  their  peculiarities  of  con- 
struction, in  making  their  action  positive  enough  without 
great  loss  through  friction  ;  the  paddling  effect  only  of  the 
buckets  or  vanes  following  each  other,  and,  when  they 
intergear.  the  loss  of  action  and  the  conflicting  currents  at 
the  retreating  parts  of  the  rotation;  "  pocketing  "  of  water 
and  consequent  resistance  against  the  vanes  when  passing 
the  closed  portion  of  the  chamber — often  quite  serious ;  a 
sharp  deflection  of  the  current  at  both  inlet  and  outlet; 
also,  resistance  to  the  inflow,  caused  by  receiving  it  against 
centrifugal  force,  which,  with  high  speeds,  becomes  a 
serious  obstruction,  and  the  outlet  is  rarely  at  a  tangent  to 
the  circumference  of  motion,  as  with  centrifugal  pumps. 
Such,  and  other  causes,  have  prevented  economy  in  power, 
and  many  of  these  pumps,  when  under  full  duty,  develop 
troublesome  concussions,  at  even  moderatelv  high  rates  of 
.-;peed,  resttlting  in  much  wear  and  tear. 

In  1885  a  series  of  tests  were  made  by  the  Philadelphia 
Water  Department,  upon  one  of  the  most  successful  of  the 
large-volume  rotary  pumps  then  in  use.  Water  flowed  to 
the   pump,   therefore    no  suctional    lift    was    carried.     The 
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Static  head  to  be  overcome  was  about  129  feet.     The  results 
were  as  follows : 


A 

20-3 

ioi*5 

X 

86-6 

433" 

y 

104-7 

,       5235 

T3 

u 

tc 

l> 

k. 

0  — 

M 

0 

c- 

u 

< 

X 
•a 

j"1 

0  «■« 

■— 

^ 

V 

I-OS 

_  c 

u 

l<3 

V 

?- 

iloS 

< 

in. 

w 

iij 

IO-8 

;  4-6 

0-33 

452' 

104-4 

23-06 

1,6 

536- 

102 '3 

■    29-82 

1765 

633 

59'2 


It  will  be  seen  that  at  the  lowest  speed,  A,  the  effectual 
percentage  of  result  was  very  small,  in  both  volume  of 
water  and  power  used.  This  was  doubtless  caused  by 
pressure  from  the  column  to  be  raised,  5  5  "86  pounds  to  the 
square  inch,  which  was  sufficient  to  cause  much  loss  of 
water,  at  this  low  speed,  through  the  loosely  fitted  moving- 
parts  of  the  pump,  while  they  were  obliged  to  rotate 
against  the  pressure.  At  the  next  rate  of  speed,  X,  a  very 
different  result  is  attained.  The  speed  has  now  become 
sufficient  to  bring  momentum  into  a  useful  relation  to  the 
flow,  which  is  increased  even  bevond  what  displacement  in 
the  chamber  would  indicate.  The  power  applied  has  also 
greatly  increased  in  effectiveness.  Both  appear  to  have 
reached  their  best  efficiency. 

At  the  last  rate  of  speed,  1',  new  conditions  come  into 
action,  and  the  eihciencyin  both  volume  and  power  is  again 
decreased.  This  is  caused  by  peculiarities  of  construction. 
The  speed  has  increased  enough  to  bring  centrifugal  force. 
at  the  inlet,  with  the  sharp  angle  at  both  openings,  to  bear 
against  the  current;  also  enough  to  cause  an  impact  of 
pocketed  water  against  the  vanes.  These  resistances,  and 
consequent  loss  of  power  would,  doubtless,  have  grown  at  a 
rapidly  increasing  ratio  with  higher  rates  of  speed.  At  the 
most  effective  velocity,  the  loss  sustained  in  effective  power 
was  367  per  cent. 
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As  percussive  action  and  loss  of  power,  beyond  its  neces- 
sary^ application  to  overcome  gravity  and  the  small  percent- 
age of  friction  in  properly  arranged  pipes,  appear,  as  we 
have  seen,  to  arise  with  the  systems  considered,  except  the 
centrifugal,  from  structural  causes,  is  it  possible  to  avoid 
these  losses,  and  the  destructive  strains  which  accompany 
them,  by  practical  changes  in  construction?  Obstructed 
momentum  and  excessive  friction  from  subdivision,  with 
conflicting  currents,  caused  by  necessitv  for  valves  and  their 
sustaining  partition,  to  control  the  changes  in  direction  of 
the  applied  power,  are  the  chief  causes  of  disturbance  with 
reciprocation.  We  have  seen,  however,  with  the  other  two 
systems,  that  momentum  may  be  made  a  friend  instead  of 
an  enemy :  but  they  do  not  exhibit  the  definite  character  of 
work  sustained  by  the  reciprocating  pumps,  which  depends 
upon  direct  application  of  power  to  the  piston,  or  plunger, 
acting  by  displacement  within  its  chamber;  it  is,  therefore, 
evident  that  in  the  construction  of  a  pump  for  full 
efficiency,  this  feature  must  be  retained.  But  it  cannot 
reciprocate  without  rapidly  increasing  reaction  from 
momentum:  its  motion  must  be  in  one  direction,  and  this 
can  only  be  about  an  axis  within  the  bounds  of  the  chamber. 
It  must  still  retain  full  control  of  displacement,  as  when  in 
reciprocation,  but  having  made  a  friend  of  momentum,  it 
may  safely  attain  a  high  rate  of  speed,  and  thus  greatly 
increase  its  capacity.  Speed  will  develop  centrifugal  force, 
which  must  also  be  prevented  from  becoming  an  enemy;  it 
may  be  an  aid.  To  accomplish  this,  the  inlet  or  suction  must 
be  around  the  axis  of  motion,  as  with  a  centrifugal  pump, 
and  the  outlet  at  the  periphery  of  the  moving  parts  as 
nearly  as  possible  in  line  with  a  tangent  produced  from 
them.  The  inflow,  being  around  the  axis,  will  pass  between 
it  and  the  piston,  and  may  be  carried  into  the  centre  of  the 
pump  through  a  cylinder  which  will  be,  in  eiTect,  a  revolv- 
ing continuation  of  the  suction  pipe,  upon  which  the  piston 
may  be  placed,  and  around  the  outside  of  which  will  be  the 
chamber,  although  annular  in  shape,  practically  the  same, 
for  action  of  the  piston,  as  that  contained  in  the  reciprocat- 
ing  pump.     Centrifugal   force  will  now  aid  in  filling  the 
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chamber,  the  flow  being  outward  from  the  revolving 
C3"linder,  much  as  water  passes  from  centre  to  periphery  of 
a  centrifugal  pump,  except  that  there  will  be  but  one  open- 
ing, and  that  placed  so  that  it  may  fill  the  chamber  through 


Fig.  I. 
the  retreating  side  of  the  piston,  while  its  advancing  side 
forces  the  discharge.     Without  reaction,  there  can  be  no 
action ;  therefore,  no  work  can  be  done  by  the  piston,  unless 
the    annular  chamber  be  provided   with   a    partition,  com- 
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pletely  closing  a  section  of  it,  to  stand  in  its  office  as  does 
the  head  of  the  cylinder  with  a  reciprocating  pump.  It 
must  be  so  constructed  as  to  permit  a  passage  of  the  piston, 
without  friction,  or  impact  from  entrapped  water,  and  to 
close  immediately  and  firmly  behind  it.  This  is  effected  by 
a  revolving  abutment  in  rolling  contact  with  the  cylinder, 
to  which  the  piston  is  attached,  and  with  a  portion  cut  away 
through  which  it  may  pass.  One  piston  as  described,  mov- 
ing about  a  central  axis,  would  be  unbalanced;  therefore, 
we  have  two  annular  chambers,  each  with  its  own  piston, 
one  balancing  the  other,  and  all  parts  of  the  pump  must 
have  their  movement  by  revolution,  and  be  balanced  in 
action.  This  construction  avoids  valves.  Water,  owing  to 
its  momentum  and  consequent  persistence  of  flow,  will  not 
require  any,  even  while  the  piston  passes  the  abutment.  To 
draw  the  suction,  however,  particularly  from  a  considerable 
depth,  the  pump  then  being  filled  only  with  air,  which  is 
exceedingly  elastic,  a  valve  is  needed  at  the  outlet  to  hold 
the  gain  in  vacuum  attained  by  each  stroke  of  the  pistons, 
until  the  flow  of  water  is  established,  when,  being  hinged  at 
the  top,  it  moves  from  its  seat  and  can  be  fastened  entirely 
out  of  the  way,  leaving  an  unobstructed  channel.  Having 
secured  a  free  and  continuous  flow  through  the  pump,  which 
has  enlisted  as  its  assistants  all  the  physical  forces  involved, 
it  will  need  no  air  chamber,  and  will  safely  attain  any  desir- 
able rate  of  speed,  against  any  desirable  pressure,  with  full 
efficiency  of  power. 

The  pump  thus  described  and  herewith  illustrated  in  its 
working  parts  (see  sectional  views.  Figs,  i,  2  and  j).  is  now 
being  introduced  by  the  Kensington  Engine  Works,  limited, 
of  Philadelphia,  under  the  name  of  the  "Positive  Piston 
Pump."  It  has  repeatedly  been  put  into  practical  and  daily 
use,  with  both  large  and  small  volumes,  high  and  low  lifts, 
and  shows  great  economy  of  power,  with  steady  and  quiet 
flow,  at  high  or  low  speeds.  It  can  be  run  for  moderate 
lifts  without  frictional  contact  of  the  working  parts,  the 
water  itself,  in  grooves,  supplying  a  packing,  and  momen- 
tum preventing  slip,  or  it  can  be  packed  with  a  self-lubri- 
cating packing  to  prevent  slip  at  any  speed  or  pressure.     It 
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will  readily  establish  its  own  suction,  through  use  of  the 
suction  valve  in  the  discharge,  and  yet  leave  the  passage 
perfectly  free  for  the  flow  of  water.  It  is  a  small  pump, 
relatively  to  the  large  volume  of  fluid  moving  through  it, 
which  may  be  increased  with  every  accession  of  speed.     . 

The  same  construction,  with  little  modification,  has  been 
used  as  a  pressure  blower  and  air  compressor,  with  very 
satisfactory  results.  It  has  the  great  advantage  not  only  of 
fast  movement,  but  no  trouble  arising  from  condensed  and 
entrapped  water. 


ALUMINIUM. 


By  Sir  Henry  Roscoe,  M.P.,  D.C.L.,  LL.D.,  F.R.S. 


\_A  Discourse  delivered  at   the  Royal  Institution,  London,  Friday,  May  j, 

'iSSg.'] 

Chemists  of  manv  lands  have  contributed  to  our  knowl- 
edge of  the  metal  aluminium.  Davy,  in  1807,  tried  in  vain 
to  reduce  alumina  by  means  of  the  electric  current.  Oerstedt, 
the  Dane,  in  1824,  pointed  out  that  the  metal  could  be 
obtained  by  treating  the  chloride  with  an  alkali  metal ;  this 
was  accomplished  in  Germany  by  Wcihler  in  1827,  and  more 
completely  in  1845,  whilst  in  1854  Bunsen  showed  how  the 
metal  can  be  obtained  by  electrolysis.  But  it  is  to  France, 
by  the  hands  of  Henri  St.  Claire  Deville,  in  the  same  year, 
that  the  honor  belongs  of  having  first  prepared  aluminium 
in  a  state  of  purity,  and  of  obtaining  it  on  a  scale  which 
enabled  its  valuable  properties  to  be  recognized  and  made 
available,  and  the  bar  of  "  silver- white  metal  from  clay," 
was  one  of  the  chemical  wonders  in  the  first  Paris  Exhibi- 
tion of  1855.  Now  England  and  America  step  in,  and  I 
have  this  evening  to  relate  the  important  changes  which 
further  investigation  has  effected  in  the  metallurgy  of 
aluminium.  The  process  suggested  by  Oerstedt,  carried 
out  by  Wcihler,  and  modified  by  Deville,  remains  in  princi- 
ple   unchanged.     The  metal  is  prepared,  as   before,  by  a 
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Techiction  of  the  double  chloride  of  aluminium  and  sodium. 
by  means  of  metallic  sodium  in  presence  of  cryolite;  and  it 
is,  therefore,  not  so  much  a  description  of  a  new  reaction  as 
of  improvements  of  old  ones  of  which  I  have  to  speak. 

I  mav  perhaps  be  allowed  to  remind  my  hearers  that 
more  than  thirty-three  years  ago,  Mr.  Barlow,  then  Secretary 
to  the  Institution,  delivered  a  discourse,  in  the  presence  of 
^I.  Deville,  on  the  properties  and  mode  of  preparation  of 
aluminium,  then  a  novelty.  He  stated  that  the  metal  was 
then  sold  at  the  rate  of  i,'3  per  ounce,  and  the  exhibition  of 
a  small  ingot,  cast  in  the  laboratory  by  ]M.  Deville,  was  con- 
sidered remarkable.  As  indicating  the  progress  since 
made,  I  may  remark  that  the  metal  is  now  sold  at  twenty 
shillings  per  pound,  and  manufactured  by  the  ton,  by  the 
Aluminium  Company,  at  their  works  at  Oldbury,  near 
Birmingham,  The  improvements  which  have  been  made 
in  this  manufacture  by  the  zeal  and  energy  of  Mr.  Castner, 
an  American  metallurgist,  are  of  so  important  a  character, 
that  the  process  may  properlv  be  termed  the  Deville-Castner 
process. 

The  production  of  aluminium  previous  to  1887,  probably 
did  not  exceed  10,000  pottnds  per  annum,  whilst  the  price 
at  that  time  was  verv  high.  To  attain  even  this  production 
required  that  at  least  100,000  pounds  of  double  chloride,  and 
40,000  pounds  of  sodium  should  be  manufactured  annually. 
From  these  figures  an  idea  of  the  magnitude  of  the  under- 
taking assumed  by  the  Aluminium  Company  may  be  esti- 
mated, when  we  learn  that  they  erected  works  having  an 
annual  producing  capacity  of  100,000  pounds  of  aluminium. 
To  accomplish  this,  required  not  only  that  at  least  400,000 
pounds  of  sodiiim,  800,000  pounds  of  chlorine,  and  1,000,000 
pounds  of  double  chloride,  should  be  annually  manufactured, 
but  in  addition  that  each  of  these  materials  should  be  pro- 
duced at  a  very  low  cost,  in  order  to  enable  the  metal  to  be 
sold  at  twenty  shillings  per  pound. 

Annexed  is  a  sketch  plan  of  the  works,  which  now  cover 
a  space  of  nearly  five  acres.  They  are  divided  into  five 
separate  departments,  viz : 

(i)  Sodium. 
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(2)  Chlorine. 

(3)  Chloride. 

(4)  Aluminium. 

(5)  Foundry,  rolling,  wire  mills,  etc. 

In  each  department  an  accurate  account  is  kept  of  the 
production  each  day,  the  amount  of  material  used,  the 
different  furnaces  and  apparatus  in  operation,  etc.  In  this 
manner  it  has  been  found  possible  to  ascertain  each  da\- 
exactly  how  the  different  processes  are  progressing,  and 
what  effect  any  modification  has,  either  on  cost,  quantity, 
or  quality  of  product.  By  this  means  a  complicated  chemi- 
cal process  is  reduced  to  a  series  of  very  simple  operations, 
so  that  whilst  the  processes  are  apparently  complicated  and 
difficult  to  carry  out  siiccessfully,  this  is  not  the  case  now 
that  the  details  connected  with  the  manufacture  have  been 
perfected,  and  each  operation  carried  on  quite  independently 
until  the  final  materials  are  brought  together  for  the  pro- 
duction of  the  aluminixim. 

MANUFACTURE    OF    SODIUM. 

The  first  improvement  occurs  in  the  manufacture  of 
sodium  by  what  is  known  as  the  "  Castner  Process."  The 
successful  working  of  this  process  marks  an  era  in  the  pro- 
duction of  sodium,  as  it  not  only  has  gTeatly  cheapened  the 
metal,  but  also  has  enabled  the  manufacture  to  be  carried  out 
upon  a  ver\-  large  scale  with  little  or  no  danger.  Practically 
the  process  consists  in  heating  fused  caustic  soda  in  contact 
with  carbon  whilst  the  former  substance  is  in  a  perfectly 
liquid  condition.  B}-  the  process  in  vogue  before  the  intro- 
duction of  this  method,  it  was  ahvavs  deemed  necessarv 
that  special  means  should  be  taken  to  guard  against  actual 
fusion  of  the  mixed  charges,  which,  if  it  were  to  take  place, 
would  to  a  large  extent  allow  the  alkali  and  reducing  mate- 
rial to  separate.  Thus  having  an  infusible  charge  to  heat, 
requiring  the  emplovment  of  a  very  high  temperature  for 
its  decomposition,  the  iron  vessels  must  be  of  small  circum- 
ference to  allow  the  penetration  of  the  heat  to  the  centre  of 
the  charge  without  actually  melting  the  vessel  in  which  the 
materials  are  heated.     By  the  new.  process,  owing   to  the 
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alkali  being  in  a  fused  or  perfectly  liquid  condition  in  con- 
tact directly  with  carbon,  the  necessity  of  this  is  avoided, 
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A.  Sodium  works. 

B.  Chlorine  works. 

C.  Double  chloride  works. 

D.  Aluminium  furnaces. 

E.  Rolling  mills,  etc. 

F.  Offices  and  laboratory. 

G.  Arm  of  canal. 

H.  Chlorine  gasometers. 
J.  Wire  mill. 
K.  Foundry. 
L.  Warehouse. 

a.  Sodium  furnaces. 

b.  Gas  producers. 

c.  Chimney,  150  feet  high,  7  feet 

diameter  inside. 

d.  Sodium  casting  and  storage. 

e.  Engine  and 
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f.  Supplies  for  sodium  works. 

g.  Chloride  furnaces. 
h.  Gas  producers. 

/.  Chimney,    180    feet    high,    10 

feet  diameter  inside. 
k.  Mixing  room  for  balls. 

/.  Purifying  and  storing  chloride. 
tn.  Storage  vats  for  acid. 
«.  Chlorine  stills. 
/.  Neutralizing  well. 
».  Oxidizing  tower. 

/.  Settling  tanks. 
V.  Lime  vats. 

s.  Boilers. 

r.  Blowing  engine. 
iv.  Chimney, 
boiler  rooms. 
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and  consequently,  the  reduction  can  be  canned  on  in  large 
vessels  at  a  comparatively  low  temperature.  The  reaction 
taking  place  may  be  expressed  as  follows : 

3NaHO  +  C  =  Na.CO.,  +  3H  +  Na. 

The  vessels  in  which  the  charges  of  alkali  and  reducirfg 
material  are  heated  are  of  egg-shaped  pattern,  about  eighteen 
inches  in  width  at  their  widest  part  and  about  three  feet 
high,  and  are  made  in  two  portions,  the  lower  one  being 
actually  in  the  form  of  a  crucible,  while  the  upper  one  is 
provided  with  an  iipright  stem  and  a  protruding  hollow 
arm.  This  part  of  the  apparatus  is  known  as  the  cover. 
In  commencing  the  operation,  these  covers  are  raised  in  the 
heated  furnace  through  apertures  provided  in  the  floor  of 
the  heated  chamber,  and  are  then  fastened  in  their  place  bv 
an  attachment  adjusted  to  the  stem;  the  hollow  arm 
extends  outside  the  furnace.  Directly  below  each  aperture 
in  the  bottom  of  the  furnace  are  situated  the  hydraulic  lifts, 
attached  to  the  top  of  which  are  the  platforms  upon  which 
are  placed  the  crucibles  to  be  raised  into  the  furnace. 
Attached  to  the  hydraulic  lifts  are  the  usual  reversing 
valves  for  lowering  or  raising,  and  the  platform  is  of  such 
a  size  as,  when  raised,  completely  to  fill  the  bottom  aperture 
of  the  furnace.  The  charged  crucible,  being  placed  upon 
the  platform,  is  raised  into  its  position,  the  edges  meeting 
those  of  the  cover,  forming  an  air-tight  joint  which  prevents 
the  escape  of  gas  and  vapor  from  the  vessel  during  reduc- 
tion, except  by  the  hollow  arm  provided  for  this  purpose. 
The  natural  expansion  of  the  iron  vessels  is  accommodated 
by  the  water  pressure  in  the  hydraulic  lifts,  so  that  the  joint 
-of  the  cover  and  crucible  are  not  disturbed  until  it  is 
intended  to  lower  the  lift  for  the  purpose  of  removing  the 
crucible. 

The  length  of  time  required  for  the  first  operation  of 
reduction  and  distillation  is  about  two  hours.  At  the  end 
of  this  time  the  crucibles  are  lowered,  taken  from  the  plat- 
forms by  a  large  pair  of  tongs  on  wheels,  carried  to  a  dump- 
ing pit,  and  thrown  on  their  sides.  The  residue  is  cleaned 
out,  and  the  hot  pot,  being  again  gripped  by  the  tongs,  is 
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taken  back  to  the  furnace.  On  its  way,  the  charge  of  alkali 
and  reducing  material  is  thrown  in.  It  is  again  placed  on 
the  lift  and  raised  in  position  against  the  edges  of  the 
cover.  The  time  consumed  in  making  the  change  is  one 
and  one-half  minute,  and  it  requires  only  about  seven 
minutes  to  draw,  empty,  recharge,  and  replace  the  five  cru- 
cibles in  each  furnace.  In  this  manner  the  crucibles  retain 
the  greater  amount  of  their  heat,  so  that  the  operation  of 
reductiim  and  distillation  now  requires  only  one  hour  and 
ten  minutes.  Each  of  the  four  furnaces,  of  five  crucibles 
each,  when  in  operation,  is  drawn  alternately,  so  that  the 
process  is  carried  on  night  and  day. 

Attached  to  the  protruding  hollow  arm  from  the  cover 
are  the  condensers,  which  are  of  a  peculiar  pattern  specially 
adapted  to  this  process,  being  quite  different  from  those 
formerly  used.  They  are  about  five  inches  in  diameter,  and 
nearly  three  feet  long,  and  have  a  small  opening  in  the 
bottom  about  twenty  inches  from  the  nozzle.  The  bottom 
of  these  condensers  is  so  inclined  that  the  metal  condensed 
from  the  vapor  issuing  from  the  crucible  during  reduction, 
flows  down  and  out  into  a  small  pot  placed  directly  below 
this  opening.  The  uncondensed  gases  escape  from  the 
condenser  at  the  further  end,  and  burn  with  the  character- 
istic sodium  flame.  The  condensers  are  also  provided  with 
a  small  hinged  door  at  the  further  end,  by  means  of  which 
the  workmen  from  time  to  time  may  look  in  to  obsen'e  how 
the  distillation  is  progressing.  Previous  to  drawing  the 
crucibles  from  the  furnace  for  the  purpose  of  emptying 
and  recharging,  the  small  pots  containing  the  distilled 
metal  are  removed,  and  empty  ones  substituted.  Those 
removed  each  contain  on  an  average  about  six  pounds  of 
metal,  and  are  taken  directly  to  the  sodium  casting  shop, 
where  it  is  melted  and  cast,  either  into  large  bars  ready 
to  be  used  for  making  aluminium,  or  in  smaller  sticks  to  be 
sold. 

.Special  care  is  taken  to  keep  the  temperature  of  the 
furnaces  at  about  i  ,000°  C,  and  the  gas  and  air  valves  are 
carefully  regulated,  so  as  to  maintain  as  even  a  temperature 
as  possible.    The  covers  remain  in  the  furnace  from  .Sunday 
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night  to  Saturday  afternoon,  and  the  crucibles  are  kept  in 
use  until  they  are  worn  out,  when  new  ones  are  substituted 
without  interrupting  the  general  running  of  the  furnace. 
A  furnace  in  operation  requires  250  pounds  of  caustic  soda 
every  one  hour  and  ten  minutes,  and  yields  in  the  same 
time  thirty  pounds  of  sodium,  and  about  240  pounds  of 
crude  carbonate  of  soda.  With  the  four  furnaces  at  work 
120  pounds  of  sodium  can  be  made  every  seventy  minutes  or 
over  a  ton  in  the  twenty-four  hours.  The  residual  carbonate, 
on  treatment  with  lime  in  the  usual  manner,  yields  two- 
thirds  of  the  original  amount  of  caustic  operated  upon. 
The  sodium,  after  being  cast,  is  saturated  with  kerosene  oil, 
and  stored  in  large  tanks  holding  several  tons,  placed  in 
rooms  specially  designed  for  security  against  either  fire 
or  water. 

CHLORINE    MANUP"ACTURE. 

This  part  of  the  works  is  connected  with  the  adjacent 
works  of  Messrs.  Chance  Brothers,  by  a  large  gutta-percha 
pipe,  by  means  of  which,  from  time  to  time,  hydrochloric 
acid  is  supplied  direct  into  the  large  storage  cisterns,  from 
which  it  is  used  as  desired  for  making  the  chlorine.  For 
the  preparation  of  the  chlorine  gas  needed  in  making  the 
chloride,  the  usual  method  is  employed;  that  is,  hydro- 
chloric acid  and  manganese  dioxide  are  heated  together, 
when  chlorine  gas  is  evolved  with  effervescence,  and  is  led 
away  by  earthenware  and  lead  pipes  to  large  lead-lined 
gasometers,  where  it  is  stored. 

The  materials  for  the  generation  of  the  chlorine  are 
brought  together  in  large  tanks,  or  stills,  built  up  out  of 
great  sandstone  slabs,  having  rubber  joints,  and  the  heating 
is  effected  by  the  injection  of  steam.  The  evolution  of  gas, 
at  first  rapid,  becomes  gradually  slower,  and  at  last  stops ; 
the  hydrochloric  acid  and  manganese  dioxide  being  con- 
verted into  chlorine  and  manganous  chloride.  This  last 
compound  remains  dissolved  in  the  "  spent  still  liquor  "  and 
is  reconverted  into  manganese  dioxide,  to  be  used  over 
again,  by  Weldon's  manganese  recovery  process.  Owing 
to  the  difficulty  of  keeping  up  a  regular  supply  of  chlorine 
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under  a  constant  pressure  directly  from  the  stills,  in  order 
that  the  quantity  passed  into  the  sixty  different  retorts  in 
which  the  double-chloride  is  made  can  be  r"egulated  and  fed 
as  desired,  four  large  gasometers  were  erected.  Each  of 
these  is  capable  of  holding  1,000  cubic  feet  of  gas,  and  is 
completely  lined  with  lead,  as  are  all  the  connecting  mains, 
etc.,  this  being  the  only  available  metal  which  withstands 
the  corrosive  action  of  chlorine.  The  gasometers  are  filled 
in  turn  from  the  stills,  the  chlorine  consumed  being  taken 
direct  from  a  gasometer  under  a  regular  pressure  until  it 
is  exhausted,  the  valves  being  changed,  the  supply  is  taken 
from  another  holder,  the  emptv  one  being  refilled  from  the 
still. 

M.VNUFACTURE   OF   THE   DOUBLE   CHLORIDE. 

Twelve  large  regenerative  gas  furnaces  are  used  for 
heating,  and  in  each  of  these  are  fixed  five  horizontal  fire^ 
clay  retorts  about  ten  feet  in  length,  into  which  the  mixture 
for  making  the  double  chloride  is  placed.  These  furnaces 
have  been  built  in  two  rows,  six  on  a  side,  the  clear  passage- 
way down  the  centre  of  the  building,  which  is  about  250 
feet  long,  being  fifty  feet  in  width.  Above  this  central 
passage  is  the  staging,  carr}'ing  the  large  lead  mains  for  the 
supply  of  the  chlorine  coming  from  the  gasometers.  Oppo- 
site each  retort  and  attached  to  the  main,  are  situated  the 
regulating  valiies,  connected  with  lead  and  earthenware 
pipes,  for  the  regulation  and  passage  of  the  chlorine  to  each 
retort.  The  valves  are  of  peciliar  design,  and  have  been 
so  constructed  that  the  chlorine  is  made  to  pass  through  a 
certain  depth  of  liquid,  which  not  only  by  opposing  a  cer- 
tain pressi:re  allows  a  known  quantity  of  gas  to  pass  in  a 
given  time,  but  also  prevents  any  return  from  the  retort 
into  the  main,  should  an  increase  of  pressure  be  suddenl)' 
developed  in  the  retorts. 

The  mixture  with  which  the  retorts  are  charged  is  made 
by  grinding  together  hydrate  of  alumina,  salt,  and  charcoal. 
This  mixture  is  then  moistened  with  water,  which  partially 
dissolves  the  salt,  and  thrown  into  a  pug  mill  of  the  usual 
type  for  making  drain  pipes,  excepting   that   the   mass  is 
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forced  out  into  solid  cylindrical  lengths  npon  a  platform 
alongside  of  which  a  workman  is  stationed  with  a  large 
knife,  by  means  of  which  the  material  is  cut  into  lengths  of 
about  three  inches  each.  These  are  then  piled  on  top  of  the 
large  furnaces  to  dry.  In  a  few  hours  they  have  sufficiently 
hardened  to  allow  of  their  being  handled.  They  are  then 
transferred  to  large  wagons,  and  are  ready  to  be  used  in 
charging  the  retorts. 

The  success  of  this  process  is  in  a  great  measure 
dependent : 

(i)  On  the  proportionate  mixture  of  materials. 

(2)  On  the  temperature  of  the  furnace. 

(3)  On  the  quantity  of  chlorine  introduced  in  a  gi\'en 
time. 

(4)  On  the  actual  construction  of  the  retorts. 

I  am,  however,  not  at  liberty  to  discuss  the  details  of  this 
part  of  the  process,  which  have  only  a  commercial  interest. 
In  carrying  on  the  operation,  the  furnaces  or  retorts,  -when 
at  the  proper  temperature,  are  charged  by  throwing  in  the 
balls  until  they  are  quite  full,  the  fronts  are  tlien  sealed  up, 
and  the  charge  allowed  to  remain  undisturbed  for  about 
four  hours,  during  which  time  the  water  of  the  alumina 
hydrate  is  completely  expelled.  At  the  end  oi  this  time 
the  valves  on  the  chlorine  main  are  opened,  and  the  gas  is 
allowed  to  pass  into  the  charged  retorts.  In  the  rear  of 
each  retort,  and  connected  therewith  by  means  of  an 
earthenware  pipe,  are  the  condenser  boxes,  which  are  built 
in  brick.  These  boxes  are  provided  with  openings  or  doors 
and  also  with  earthenware  pipes,  connected  with  a  small 
flue  for  carrying  off  the  uncondensed  vapors  to  the  large 
chimney.  At  first  the  chlorine  passed  into  each  retort  is  all 
absorbed  by  the  charge,  and  only  carbonic  oxide  escapes 
into  the  open  boxes,  where  it  burns.  After  a  certain  time, 
however,  dense  fumes  are  evolved,  and  the  boxes  are  then 
closed,  while  the  connecting  pipe  between  the  box  and  the 
small  flue  serves  to  carry  off  the  uncondensed  vapors  to  the 
chimney. 

The  reaction  which  takes  place  is  as  follows: 

Al.Og  +  2NaCl  +  3C  +  6C1  =  2AlCl3NaCl  +  SCO. 


Sept ,  1889.]  Aliiiiiiniuut.  183 

The  chlorine  is  passed  in  for  about  seventy-two  hours  in 
varying-  quantity,  the  boxes  at  the  back  being-  opened  from 
time  to  time  by  the  workmen  to  ascertain  the  progress  of 
the  distillation.  At  the  end  of  the  time  mentioned  the 
chlorine  valves  are  closed  and  the  boxes  at  the  back  of  the 
furnace  are  all  thrown  open.  The  crude  double  chloride, 
as  distilled  from  the  retorts,  condenses  in  the  connecting 
pipe  and  trickles  down  into  the  boxes,  where  it  solidifies  in 
large  irregular  masses.  The  yield  from  a  bench  of  five 
retorts  will  average  from  1,600  to  1,800  pounds,  which  is  not 
far  from  the  theoretical  quantity.  After  the  removal  of  the 
crude  chloride  from  the  condenser  boxes,  the  retorts  are 
opened  at  their  charging  end,  and  the  residue,  which  consists 
of  a  small  quantity  of  alumina,  charcoal  and  salt  is  raked  out 
and  remixed  in  certain  proportions  with  fresh  material,  to 
be  used  over  again.  The  furnace  is  immediately  re-charged 
and  the  same  operations  repeated,  so  that  from  each  furnace 
upwards  of  3,500  pounds  of  chloride  are  obtained  weekly. 
With  ten  of  the  twelve  furnaces  always  at  work,  the  plant  is 
easily  capable  of  producing  30,000  pounds  of  chloride  per 
week,  or  1,500,000  pounds  per  annui-n. 

Owing  to  the  presence  of  iron,  both  in  the  materials  used 
(viz.,  charcoal,  alumina,  etc.)  and  in  the  fire-clay  composing 
the  retorts,  the  distilled  chloride  always  contains  a  varying 
proportion  of  this  metal  in  the  form  of  ferrous  and  ferric 
chlorides.  When  it  is  remembered  that  it  requires 
ten  pounds  of  this  chloride  to  pi^oduce  one  pound  of 
aluminium  by  reduction,  it  will  be  quite  apparent  how 
materially  a  very  small  percentage  of  iron  in  the  chloride 
will  influence  the  quality  of  the  resulting  metal.  I  may  say 
that,  exercising  the  utmost  care  as  to  the  purity  of  the 
alumina  and  the  charcoal  used,  and  after  having  the  retorts 
made  of  special  fire-clay  containing  only  a  very  small  per- 
centage of  iron,  it  was  found  almost  impossible  to  produce 
upon  a  large  scale  a  chloride  containing  less  than  0'3  per 
cent,  of  iron. 

This  crude  double  chloride,  as  it  is  now  called  at  the 
works,  is  highly  deliquescent,  and  varies  in  color  from  a 
light  yellow  to  a  dark  red.     The  variation  in  color  is  not 
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so  much  due  to  the  varying  percentage  of  iron  contained,  as 
to  the  relative  proportion  of  ferric  or  ferrous  chlorides  present, 
and  although  a  sample  may  be  either  very  dark  or  quite 
light,  it  may  still  contain  only  a  small  percentage  of  iron  if  it 
be  present  as  ferric  salt,  or  a  very  large  percentage  if  it  'is 
in  the  ferrous  condition.  Even  when  exercising  all  possible 
precautions,  the  average  analysis  of  the  crude  double 
chloride  shows  about  0^4  per  cent,  of  iron.  The  metal  sub- 
sequently made  from  this  chloride,  therefore,  never  con- 
tained much  less  than  about  five  per  cent,  of  iron,  and  as 
this  quantity  greatly  injures  the  capacity  of  aluminium  for 
drawing  into  wire,  rolling,  etc.,  the  metal  thus  obtained 
required  to  be  refined.  This  was  successfully  accomplished 
by  Mr.  Castner  and  his  able  assistant,  Mr.  Cullen,  and  for 
some  time  all  the  metal  made  was  refined,  the  iron  being 
lowered  to  about  two  per  cent. 

The  process,  however,  was  difficult  to  carry  out,  and 
required  careful  manipulation,  but  as  it  then  seemed  the 
only  remedy  for  eiTectively  removing  the  iron,  it  w^as 
adopted  and  carried  on  for  some  time  quite  successfully, 
until  another  invention  of  Mr.  Castner  rendered  it  totally 
imnecessary.  This  consisted  in  purifying  the  double 
chloride  before  reduction.  I  cannot  now  explain  this  pro- 
cess, but  I  am  able  to  show  some  of  the  product.  This 
purified  chloride,  or  pure  double  chloride,  is,  as  you  see, 
quite  white,  and  is  far  less  deliquescent  than  the  crude,  so 
that  it  is  quite  reasonable  to  infer  that  this  most  undesir- 
able property  is  greatly  due  to  the  former  presence  of  iron 
chlorides.  I  have  seen  large  quantities  containing  upwards 
of  one  and  one-half  per  cent,  of  iron,  or  150  pounds  to  10,000 
of  the  chloride,  completely  purified  from  iron  in  a  few 
minutes,  so  that,  whilst  the  substance  before  treatment  was 
wholly  unfit  for  the  preparation  of  aluminium,  owing  to  the 
presence  of  iron,  the  result  was,  like  the  sample  exhibited, 
a  mass  containing  only  one  pound  of  iron  in  10,000,  or  O'Oi 
per  cent.  The  process  is  extremely  simple,  and  adds  little 
or  no  appreciable  cost  to  the  final  product.  After  treatment 
this  piire  chloride  is  melted  in  large  iron  pots  and  run  into 
drums  similar  to   those  used  for  storing  caustic  soda.     As 
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far  as  I  am  aware,  it  was  g-enerall}'  believed  to  be  an  impos- 
sibility to  remove  the  iron  from  anhydrous  double  chloride 
of  ahiminium  and  sodium,  and  few,  if  any,  chemists  have 
ever  seen  a  pure  white  double  chloride. 

ALUMINIUM    MANUFACTURE. 

I  now  come  to  the  final  stage  of  the  process,  viz.,  the 
reduction  of  the  pure  double  chloride  by  sodium.  This  is 
effected,  not  in  a  tube  of  Bohemian  glass,  as  shown  in  Mr. 
Barlow's  lecture  in  1856,  but  in  a  large  reverberatory  fur- 
nace, having  an  inclined  hearth  about  six  feet  square,  the 
inclination  being  towards  the  front  of  the  furnace,  through 
which  are  several  openings  at  different  heights.  The  pure 
chloride  is  ground  together  with  cryolite  in  about  the  pro- 
portions of  two  to  one,  and  is  then  carried  to  a  staging 
erected  above  the  reducing  furnace.  The  sodium,  in  large 
slabs  or  blocks,  is  run  through  a  machine  similar  to  an 
'  ordinary  tobacco-cutting  machine,  where  it  is  cut  into  small 
thin  slices ;  it  is  then  also  transferred  to  the  staging  above 
the  reducing  furnace. 

Both  materials  are  now  thrown  into  a  large  revolving 
drum,  when  they  become  thoroughly  mixed.  The  drum 
being  opened  and  partially  turned,  the  contents  drop  out 
into  a  car  on  a  tramway  directly  below.  The  furnace 
having  been  raised  to  the  desired  temperature,  the  dampers 
of  the  furnace  are  all  closed  to  prevent  the  access  of  air, 
the  heating  gas  also  being  shut  off.  The  car  is  then  moved 
out  on  the  roof  of  the  furnace  until  it  stands  directly  over 
the  centre  of  the  hearth.  The  furnace  roof  is  provided  with 
large  hoppers,  and  through  these  openings  the  charge  is 
introduced  as  quickly  as  possible.  The  reaction  takes 
place  almost  immediately,  and  the  whole  charge  quickly 
liquefies.  At  the  end  of  a  certain  time  the  heating  gas  is 
again  introduced  and  the  charge  kept  at  a  moderate  tem- 
perature for  about  two  hours.  At  the  end  of  this  period 
the  furnace  is  tapped  by  driving  a  bar  through  the  lower 
opening,  which  has  previously  been  stopped  with  a  fire-clay 
plug,  and  the  liquid  metal'  run  out  in  a  silver  stream  into 
moulds  placed  below  the  opening.     When  the  metal  has  all 
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been  drawn  off,  the  slag  is  allowed  to  run  out  into  small 
iron  wagons  and  removed.  The  openings  being  again 
plugged  up,  the  furnace  is  ready  for  another  charge.  Frc«m 
each  charge,  composed  of  about  1,200  pounds  of  pure  chlo- 
ride, 600  pounds  of  cryolite,  and  350  pounds  of  sodium, 
about  115  to  120  pounds  of  aluminium  is  obtained. 

The  purity  of  the  metal  entirely  depends  upon  the  purity 
of  the  chloride  used,  and  without  exercising  more  than 
ordinary  care  the  metal  tests  usually  indicate  a  purity  of 
metal  above  ninety-nine  per  cent.  On  the  table  is  the  metal 
run  from  a  single  charge,  its  weight  is  116  pounds,  and  its 
corhposition,  as  shown  by  analysis,  is  99^2  aluminium,  o'3 
silicon  and  0-5  iron.  This  I  believe  to  be  the  largest  and 
the  purest  mass  of  metal  ever  made  in  one  operation. 

The  result  of  eight  or  nine  charges  are  laid  on  one  side, 
and  then  melted  down  in  the  furnace  to  make  a  uniform 
quality,  the  liquid  metal,  after  a  good  stirring,  being 
drawn  off  into  moulds.  These  larsje  ing:ots,weio"hing-  about 
sixty  pounds  each,  are  sent  to  the  casting  shop,  there  to  be 
melted  and  cast  into  the  ordinary  pigs,  or  other  shapes,  as 
may  be  required  for  the  making  of  tubes,  sheets,  or  wire, 
or  else  used  directly  for  making  alloys  of  either  copper  or 
iron. 

The  following  table  shows  approximately  the  quantity 

of  each  material   used  in  the    production    of    one    ton    of 

aluminium : 

.Metallic  sodium 6,300  pounds. 

Double  chloride 22,400 

Cryolite, 8,000 

Coal 8  tons. 

To  produce  6,300  pounds  of  sodium  is  required: 

Caustic  soda, 44,000  pounds. 

Carbide  made  from  pitch,  12,000  pounds,  and  iron 

turnings,  1,000  pounds 7.000       " 

Crucible  castings 2'^  tons. 

Coal, 75 

For  the  production  of  22,400  pounds  of  double  chloride  is 

required : 

Common  salt 8,000  pounds. 

Alumina  hydrate 11,000       " 

Chlorine  gas, 15,000 

Coal 180  tons. 


Sept.,  1889-]  AlumiiiiHui.  187 

For  the  production  of  15,000  pounds  of  chlorine  gas  is 
required : 

Hydrochloric  acid 180,000  pounds. 

Limestone  dust 45.000      " 

Lime 30,000 

I  OSS  of  manganese, 1,000       " 

(These  figures  were  rendered  more  evident  by  the  aid  of 
small  blocks,  each  cut  a  given  size  so  as  to  represent  the 
relative  weights  of  the  different  materials  used  to  produce 
one  unit  of  aluminium.) 

It  might  seem,  on  looking  over  the  above  numbers,  as  if 
an  extraordinary  amount  of  waste  occurred,  and  as  if  the 
production  is  far  below  that  which  ought  to  be  obtained, 
but  a  study  of  the  figures  will  show  that  this  is  not  the 
case.  I  would  wish  to  call  attention  to  one  item  in  particu- 
lar, viz.,  fuel,  it  having  been  remarked  that  the  consumption 
of  coal  inust  prevent  cheap  production.  I  think  when  it  is 
remembered  that  coal,  such  as  used  at  the  works,  cost  only 
four  shillings  per  ton,  while  the  product  is  worth  £2,2^,0  per 
ton,  the  cost  of  coal  is  not  an  item  of  consequence  in  the 
cost  of  production.  The  total  cost  of  the  coal  to  produce 
one  ton  of  metal  being  ;^50;  the  actual  cost  for  fuel  is  less 
than  sixpence  for  every  pound  of  aluminium  prodticed. 
The  ratio  of  cost  of  fuel  to  value  of  product  is  indeed  less 
than  is  the  case  in  making  either  iron  or  steel.  In  conclud- 
ing  my  remarks  as  to  the  method  of  manufacture  and  the 
process  in  general,  I  may  add  that  I  do  not  think  it  is  too 
much  to  expect,  in  view  of  the  rapid  strides  already  made, 
that  in  the  future,  further  improvements  and  modifications 
will  enable  aluminium  to  be  produced  and  sold  even  at  a 
lower  price  than  appears  at  present  possible. 

PROPERTIE.S    OF   ALUMINIUM. 

In  its  physical  properties  aluminium  widely  differs  from 
all  the  other  metals.  Its  color  is  a  beautiful  white,  with  a 
slight  blue  tint.  The  intensity  of  this  color  becomes  more 
apparent  when  the  metal  has  been  worked,  or  when  it  con- 
tains silicon  or  iron.  The  surface  may  be  made  to  take  a 
very  high  polish,  when  the  blue  tint  of  the  metal  becomes 
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manifest,  or  it  may  be  treated  with  caustic  soda  and  then 
nitric  acid,  which  will  leave  the  metal  quite  white.  The 
extensibility  or  malleability  of  aluminium  is  very  high, 
ranking  with  gold  and  silver  if  the  metal  be  of  good 
quality.  It  may  be  beaten  out  into  thin  leaf  quite  as  easily 
as  either  gold  or  silver,  although  it  requires  more  careful 
annealing. 

It  is  extremely  ductile  and  may  be  easily  drawn,  especial 
care  being  required  only  in  the  annealing. 

The  excessive  sonorousness  of  aluminium  is  best  shown 
by  example  (large  suspended  bar  being  struck).  Faraday 
has  remarked,  after  experiments  conducted  in  his  laboratory, 
that  the  sound  produced  by  an  ingot  of  aluminium  is  not 
simple,  and  one  may  distinguish  the  two  sounds  by  turning 
the  vibrating  ingot. 

After  being  cast  it  has  about  the  hardness  of  pure  silver, 
but  may  be  sensibly  hardened  by  hammering. 

Its  tensile  strength  varies  between  twelve  and  fourteen 
tons  to  the  inch  (test  sample  which  was  shown  having  been 
broken  at  thirteen  tons  or  27,000  pounds),  ordinary  cast 
iron  being  about  eight  tons.  Comparing  the  strength  of 
aluminium  in  relation  to  its  weight,  it  is  equal  to  steel  of 
thirty-eight  tons  tensile  strength.  The  specific  gravity  of 
cast  aluminium  is  2'58,  but  after  rolling  or  hammering  this 
figure  is  increased  to  about  2'68. 

The  specific  gravity  of  aluminium  being  one,  copper  is 
y6,  nickel  3-5,  silver  4,  lead  4'8,  gold  77. 

The  fusibility  of  aluminium  has  been  variously  stated  as 
being  between  that  of  zinc  and  silver,  or  between  600  and 
1 ,000°  C. 

As  no  reliable  information  has  ever  been  made  public  on 
this  subject,  my  friend,  Professor  Carnelley,  undertook  to 
determine  it.  I  was  aware  from  information  gained  at  the 
works  at  Oldbury,  that  a  small  increase  in  the  percentage 
of  contained  iron  materially  raised  its  point  of  fusion,  and 
it  has  been  undoubtedly  due  to  this  cause  that  such  wide 
limits  are  given  for  the  melting  point.  Under  these  circum- 
stances two  samples  were  forwarded  for  testing,  of  which 
No.    I,  containihg  one-half  per  cent,  of  iron,  had  a  melting 
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point  of  700°  C. ;  whereas  No.  2,  containing  five  per  cent,  of 
iron,  does  not  melt  at  700°  and  only  softens  somewhat 
above  that  temperature,  but  undergoes  incipient  fusion  at 

730°. 

According  to  Faraday,  aluminium  ranks  ver\-  high  among 
metallic  conductors  of  heat  and  electricity,  and  he  found 
that  it  conducted  heat  better  than  either  silver  or  copper. 
The  specific  heat  is  also  very  high,  which  accounts  for 
length  of  time  required  for  an  ingot  of  the  metal  to  either 
melt  or  get  cold  after  being  cast. 

Chemically,  its  properties  are  well  worthy  of  study. 

Air,  either  wet  or  dr\',  has  absolutely  no  effect  on 
akiminium  at  the  ordinary  temperature,  but  this  property  is 
only  possessed  by  a  verv'  pure  quality  of  metal,  and  the 
pure  metal  in  mass  undergoes  only  slight  oxidation  even  at 
the  melting  point  of  platinum. 

Thin  leaf,  however,  when  heated  in  a  current  of  oxygen, 
burns  with  a  brilliant,  bluish  white  light.  (Experiment 
shown.)  If  the  metal  be  pure,  water  has  no  effect  on  it 
whatever,  even  at  a  red-heat.  Sulphur  and  its  compounds 
also  are  without  action  on  it,  while,  under  the  same  circum- 
stances, nearly  all  metals  would  be  discolored  with  gTeat 
rapidity.  (Experiment  shown  using  silver  and  aluminium 
under  the  same  conditions.) 

Dilute  sulphuric  acid  and  nitric  acid,  both  diluted  and 
concentrated,  have  no  effect  on  it,  although  it  may  be  dis- 
solved in  either  hydrochloric  acid  or  caustic  alkali.  Heated 
in  an  atmosphere  of  chlorine  it  burns  with  a  vivid  light, 
producing  aluminium  chloride.  (Experiment  shown.)  In 
connection  with  the  subject  it  may  be  of  interest  to  state 
the  true  melting  point  of  the  double  chloride  of  aluminium 
and  sodium,  which  has  always  been  given  at  170°  to  180°  C, 
but  which  Mr.  Baker,  the  chemist  to  the  works,  finds  lies 
between  125°  and  130°  C. 

USES   OF   ALUMINIUM. 

Its  uses,  unalloyed,  have  heretofore  been  greatly 
restricted.  This  is,  I  believe,  owing  only  to  its  former 
high    price,    for    no   metal    possessing    the    properties    of 
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aluminium  could  help  coming  into  larger  use  if  its  cost  were 
moderate.  Much  has  been  said  as  to  the  impossibility  of 
soldering  it  being  against  its  popular  use,  but  I  believe  that 
this  difficulty  will  now  soon  be  overcome.  The  following 
are  a  few  of  the  purposes  to  which  it  is  at  present  put : 
telescope  tubes,  marine  glasses,  eye-glasses  and  sextants, 
especially  on  account  of  its  lightness.  Fine  wire  for  the 
making  of  lace,  embroidery,  etc.  Leaf  in  the  place  of  silver 
leaf,  sabre  sheaths,  sword  handles,  etc.,  statuettes  and 
-works  of  art,  jewelry  and  delicate  physical  apparatus, 
culinary  utensils,  harness  fittings,  metallic  parts  of  soldiers' 
uniforms,  dental  purposes,  surgical  instruments,  reflectors 
(as  it  is  not  tarnished  by  the  products  of  combustion), 
photographic  apparatus,  aeronautical  and  engineering  pur- 
poses, and  especially  for  the  making  of  alloys. 

ALI.OV.S    OF    ALUMINIUM. 

The  most  important  alloys  of  aluminium  are  those  made 
with  copper.  These  alloys  were  first  prepared  by  Dr.  Percy, 
in  England,  and  now  give  promise  of  being  largely  used. 
The  alloy  produced  by  the  addition  of  ten  per  cent,  of 
aluminium  to  copper,  the  maximum  amount  that  can  be 
used  to  produce  a  satisfactory  alloy,  is  known  as  aluminium 
bronze.  Bronzes,  however,  are  made  which  contain  smaller 
amounts  of  aluminium,  possessing  in  a  degree  the  valuable 
properties  of  the  ten  per  cent,  bronze.  According  to  the 
percentage  of  aluminium  up  to  ten  per  cent.,  the  color 
varies  from  red  gold  to  pale  yellow.  The  ten  per  cent,  alloy 
takes  a  fine  polish,  and  has  the  color  of  jewellers'  gold.  The 
five  per  cent,  alloy  is  not  quite  so  hard,  the  color  being  very 
similar  to  that  of  pure  gold.  I  am  indebted  to  Prof. 
Roberts  Austen  for  a  splendid  specimen  of  crystallized 
g-old,  as  also  for  a  mould  in  which  the  gold  at  the  mint  is 
usually  cast,  and  in  this  I  have  had  prepared  ingots  of  the  ten 
and  five  per  cent,  alloy,  so  that  a  comparison  may  be  made 
of  the  color  of  these  with  a  gold  ingot  cast  in  the  same 
mould,  for  the  loan  of  which!  have  to  thank  Messrs.  John- 
son, Matthey  &  Co.  (specimens  shown). 

I  have  also  ingots  of  the  same  size,  of  pure  aluminium, 
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from  which  an  idea  of  the  relative  weights  of  gold  and 
aluminium  may  be  obtained. 

To  arrive  at  perfection  in  the  making  of  these  alloys,  not 
onlv  is  it  required  that  the  aluminium  used  should  be  of 
good  qualitv,  but  also  that  the  copper  must  be  of  the  ver}- 
best  obtainable.  For  this  purpose  only  the  best  brands  of 
Lake  Superior  copper  should  be  used.  Inferior  brands  of 
copper  or  any  impurities  in  the  alloy  give  poor  results. 
The  alloys  all  possess  a  good  color,  polish  well,  keep  their 
color  far  better  than  all  other  copper  alloys,  are  extremely 
malleable  and  ductile,  can  be  wrought  either  hot  or  cold, 
easily  engraved,  the  higher  grades  have  an  elasticity 
exceeding  steel,  are  easily  cast  into  complicated  forms,  do 
not  lose  in  remelting,  and  are  possessed  of  great  strength, 
dependent,  of  coi:rse,  on  the  purity  and  percentage  of  con- 
tained aluminium.  The  ten  per  cent,  allo}',  when  cast,  has 
a  tensile  strength  of  between  70,000  and  80,000  pounds  per 
square  inch,  but  when  hammered  or  wrought,  the  test 
exceeds  100,000  pounds.  (A  sample  shown  broke  at  105,000 
pounds.) 

An  attempt  to  enumerate  either  the  present  uses  or  the 
j::ossible  future  commercial  value  of  these  alloys  is  beyond 
:ny  present  purpose.  I  may,  however,  remark  that  thej^  are 
Hot  only  adapted  to  take  the  place  of  bronze,  brass  and  steel, 
but  they  also  so  far  surpass  all  of  those  metals,  both  physi- 
cally and  chemically,  as  to  make  their  extended  use  assured. 
{Sheets,  rods,  tubes,  wire  and  ingots  shown.) 

But  even  a  more  important  use  of  aluminium  seems  to 
be  its  employment  in  the  iron  industn,-,  of  which  it  promises 
shortly  to  become  a  valuable  factor,  owing  to  certain 
effects  which  it  produces  when  present,  even  in  the  most 
minute  proportions.  Experiments  are  now  being  carried 
on  at  numerous  iron  and  steel  works,  in  England,  on  the 
Continent  and  in  America.  The  results,  so  far  attained,  are 
greatly  at  variance,  for  whilst  in  the  majority  of  cases  the 
improvements  made  have  encouraged  the  continuance  of 
the  irials,  in  others  the  result  has  not  been  satisfactorj-. 
On  this  point  I  would  wish  to  say  to  those  who  may  con- 
template making  use  of  aluminium  in  this  direction,  that  it 
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would  be  advisable,  before  making  their  experiments,  to 
ascertain  whether  the  aluminium  alloy  they  may  purchase 
actually  contains  any  aluminium  at  all,  for  some  of  the  so- 
called  aluminium  alloys  contain  little  or  no  aluminium,  and 
this  would  doubtless  account  for  the  negative  results 
obtained.  .  Again,  others  contain  such  varying  proportio'ns 
of  carbon,  silicon  and  other  impurities,  as  to  render  their 
use  highly,  objectionable. 

It  seems  to  be  a  prevailing  idea  with  some  persons, 
that  because  aluminium  is  so  light  compared  with  iron,  it 
cannot  be  directly  allo3-ed,  and  furthermore,  that  for  the 
.same  reason,  alloys  made  by  the  direct  melting  together  of 
the  two  metals  would  not  be  equal  to  an  alloy  where  both 
metals  are  reduced  together.  Now,  of  course,  this  is  not 
the  case,  and  the  statement  has  been  put  forward  by  those 
who  were  able  to  make  the  alloys  in  one  way  only. 

Aluminium  added  to  molten  iron  and  steel  lowers  their 
melting  points,  consequently  increases  the  fluidity  of  the 
metal,  and  causes  it  to  run  easily  into  moulds  and  set  there 
without  entrapping  air  and  other  gases,  which  serve  to  form 
•blow-holes  and  similar  imperfections.  It  is  already  used  b}- 
a  large  number  of  steel  founders,  and  seems  to  render  the 
production  of  sound  steel  castings  more  certain  and  easy 
than  is  otherwise  possible. 

One  of  the  most  remarkable  applications  of  this  property 
which  aluminium  possesses  of  lowering  the  melting-point  of 
iron,  has  been  made  use  of  by  Mr.  Nordenfelt  in  the  produc- 
tion of  castings  of  wrought  iron. 

Aluminium  forms  alloys  with  most  other  metals,  and 
although  each  possesses  peculiar  properties,  which  in  the 
future  may  be  utilized,  at  present  they  are  but  little  used. 

In  conclusion,  I  beg  to  call  your  attention  to  the  wood 
models  on  the  table,  one  being  representative  of  aluminium, 
the  other  aluminium  bronze.  The  originals  of  these  models 
are  now  in  the  Paris  Exposition,  each  weighing  i,ooo 
pounds.  With  regard  to  aluminium  bronze,  I  cannot  speak 
positively,  but  the  block  of  pure  aluminium  is  undoubtedly 
the  lai-gest  casting  ever  made  in  this  most  wonderful  metal. 
I  have  to  thank  the  Directors  of  the  Aluminium  Company, 
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and  especially  Mr.  Ca.'^tner,  for  furnishing  me  with  the 
interesting  series  of  specimens  of  raw  and  manufactured 
metal  for  illustrating  my  discourse. 


Note. — The  exhibit  consisted  of  five  to  six  hundred- 
weight of  aluminium  (ninety-eight  to  ninety-nine  per  cent.) 
in  various  sizes  of  pigs,  ingots,  sheet,  wire,  foil,  tubes  and 
rods.  Two  large  blocks,  together  weighing  1 16  pounds  and 
testing  99-2  per  cent,  aluminium,  as  run  direct  from  the 
furnace  in  one  charge.  Four  hundred-weight  of  akiminium 
bronzes  in  pigs,  ingots,  wire,  tubes,  sheet  and  rods.  Alu- 
minium iron  and  steel,  ten  and  twenty  per  cent,  aluminium, 
one  hundred-weight  of  each  in  pigs.  Sodium  in  cast  bars. 
Double  chloride  of  aluminium  and  sodium  (crude  and 
purified  1. 


Ox   TiiK    DILATATION   of    COMPRESSED    LIQUIDS, 
PARTICULARLY  WATER.* 


Bv    E.  H.  A.MAGAT. 


Translated  by  Chief  Engineer  Lsherwood,  U.S.N. 


I  have  investigated  the  compressibility  and  the  dilata- 
tion of  the  following  liquids  between  zero  and  50°,  under 
pressures  varying  from  one  atmosphere  to  3,000  atmos- 
pheres, namely,  water,  ordinary  ether,  the  methylic,  ethylic, 
propylic  and  allylic  alcohols,  acetone,  the  chloride,  bromide 
and  iodide  of  ethyl,  the  sulphide  of  carbon  and  the  chloride 
of  phosphorus. 

I  shall  not  be  able  to  give  the  absolute  coefficients  of 
compressibility  until  I  have  finished  the  very  difficult  work 
relative  to  the  compressibility  of  the  piezometers,  but  the 
coefficients  of  dilatation  under  constant  pressure  can  be 
calculated  now,  and  the  following  is  a  summary  of  the 
results  I  have  obtained  : 

*  Comptes  Rendus,  December  5,  1887,  p.  1120. 
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Putting  water,  which  i.'^  an  exception,  on  one  .side,  the 
coefficient  of  dilatation  of  the  other  liquids  dimini.she.s 
when  the  pressure  upon  them  increases,  the  diminution 
becoming  less  and  less  marked  as  the  pressure  becomes 
greater  and  greater,  but  under  even  3,000  atmospheres  it  is 
still  very  sensible. 

Under  the  atmospheric  pressure  the  coefficient,  as  is 
well  known,  augments  with  the  temperature :  this  variation 
diminishes  when  the  pressure  increases,  until  it  falls  within 
the  limits  of  error  for  the  experimental  conditions  employed ; 
for  example,  in  the  case  of  ether  under  the  pressure  of  1,000 
atmdspheres,  I  have  found  for  mean  coefficients  between 
zero  and  the  temperatures  of  10°,  20^,  30°,  40^  and  50°  the 
following  numbers:  coooSgi,  0-000890,  0-000905,  0-000897, 
0-000909.     The  other  liquids  gave  analogous  results. 

My  principal  object,  above  all  others,  was  to  ascertain 
the  effects  of  the  great  pressures.  A  method  was  employed 
up  to  abofit  1,200  or  1,500  atmospheres  totally  diffei'ent 
from  the  apparatus  arranged  for  the  highest  pressures,  and 
capable  of  sustaining  a  pressure  which  could  not  be  pro- 
duced'in  it;  the  temperature  could  be  raised  a  number  of 
hundreds  of  degrees,  and,  consequently,  the  critical  points 
of  several  liquids  could  be  reached. 


Atmospheres.  /. 

Ether, 0*001700 

Sulphide  of  carbon,  .    .    .  0*001212 

Alcohol, .  <  o'ooti09 


SOO. 


o'ociiiS 
0*000940 
0*000866 


I, SOO. 


JJDO. 


3,000. 


0*000909  0*000772  o  000700  0*000631  j  0*000358 
0*000828  0*000735  o"ooo666  0*000630  '  o  000581 
<>*0O373O     0*000673  I  0*000613      0*000556     0*000524. 


From  0°  to  10°, 
From  0°  to  30°, 
From  0°  10  50°, 


0*000012  0*000156  0*000250  ;  0*000315  0*000352  ,  0*000338  I  0*000383 
o"oooi38  0*000229  1  0*000302  0*000340  0*000382  i  0*000420  \  0*000415 
0*000336      0*000295  j  0*000347      0*000383  '   0*000408      0*000428  '   0*000413 


The  foregoing  table  contains  some  of  the  resttlts  deter- 
mined. It  gives  the  mean  coefficients  of  ether  and  of 
sulphide  of  carbon  between  zero  and  50°  and  the  coefficient 
of  ordinary  alcol^ol  between  zero  and  40°  under  the  different 
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pressures,  increasing  by  500  atmospheres,  up  to  3,000  atmos- 
pheres. The  coefficients  of  water  under  the  same  pressures 
are  therein  given  from  zero  to  10°,  to  30°  and  to  50^,  in 
order  to  show  their  variations  with  the  temperature. 

We  see  that  at  3,000  atmospheres  the  coefficient  of  the 
ether  was  reduced  to  the  third  of  the  value  it  had  at  the 
atmospheric  pressure. 

Comparing  the  etlier  and  the  sulphide  of  carbon,  we  see 
that  the  ether,  which  at  the  pressure  of  one  atmosphere  is  a 
great  deal  more  dilatable  than  the  sulphide  of  carbon,  has 
the  same  coefficient  as  the  latter  at  the  pressure  of  2,500 
atmospheres';  but  at  the  pressure  of  3,000  atmospheres  the 
coefficient  of  the  sulphide  of  carbon  is  the  greatest,  this 
last  coefficient  having  been  lessened  about  one-half,  while 
that  of  the  ether  has  been  lessened  two-thirds. 

The  case  of  water  is  particularly  interesting,  because  we 
therein  see  the  gradual  effacing  of  the  perturbations  of 
the  ordinary  laws  resulting  from  the  fact  of  the  maximum 
of  density. 

At  first,  the  coefficient  of  the  water  increases  very 
rapidly  with  the  pressure  ;  then,  this  increase  diminishes 
and  disappears  towards  the  pressure  of  2,500  atmospheres  : 
we  might  suppose  that  under  very  great  pressures,  the 
coefficient  would  continue  to  diminish,  like  that  which 
takes  place  for  the  other  liquids  from  the  atrnospheric 
pressure. 

We  will  remark,  finally,  that  the  increase  of  the  coeffi- 
cient with  the  temperature  varies  considerably  under  the 
feeble  pressures,  diminishing  gradually  as  the  pressure  rises  ; 
at  the  pressure  of  500  atmospheres,  the  mean  coefficient 
between  zero  and  50°  is  still  double  of  that  between  zero 
and  lo"^,  but  at  the  pressure  of  3,000  atmospheres  this 
increase  with  the  temperature,  though  distinctly  marked,  is 
extremely  reduced.  At  this  pressure  the  water  between  the 
experimental  limits  of  temperature,  conforms  to  the  ordinary 
laws  of  dilatation  of  the  other  liquids. 

Note  by  Translator. — In  the  foregoing  article,  the  tempera- 
tvires  are  given  for  the  Centigrade  scale.     Zero,  10°,  30°,  40° 
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and  50°  on  it  are,  respectively,  32,°  50°,  86°,  104°  and  122°  on 
the  Fahrenheit  scale. 

The  mean  coefficients  of  dilatation  of  the  different 
liquids  are  the  mean  increase  of  unit  of  their  volume  at  the 
Centigrade  zero,  in  fractions  of  this  unit,  due  to  the  expefi- 
mental  increase  of  temperature  above  zero,  per  atmosphere 
of  pressure  under  the  experimental  number  of  atmospheres 
to  which  the  liquids  were  subjected. 


COMPRESSIBILITY    of    the    GASES    OXYGEN,    HY- 
'DROGEN,  nitrogen    and   AIR,    up    to    the 
PRESSURE  OF  3,000  ATMOSPHERES.* 


By  E.  H.  Amagat. 


Translated  by  Chief  Engineer  Isherwood,  U.S.N. 


The  experiments  on  these  gases  were  made  according  to 
the  method  I  followed  in  my  previous  investigations  of  the 
compressibility  of  liquids  within  the  samelimits  of  pressure ; 
but,  in  the  present  case,  the  difficulty  was  much  greater, 
owina:  to  the  smallness  of  the  volume  of  the  gases  when 
strongly  compressed.  Nevertheless,  after  numerous  trials, 
I  obtained  perfectly  regular  and  concordant  results  by 
employing,  for  the  gauging  of  the  platinum  wire  tubes,  the 
same  process  of  reading  by  electrical  contacts  which  served 
afterwards  to  estimate  in  the  same  tubes  the  successive 
volumes  of  the  compressed  gases.  In  this  manner  I 
obtained  for  the  same  gas,  with  different  tubes,  graphic 
curves,  which  almost  absolutely  coincided  with  each  other. 

My  results,  given  further  on,  and  they  are  solely  the 
apparent  results,  diff:er  notably  numerically  from  those 
obtained  by  Natterer.  The  differences  within  the  limits 
common  to  our  researches  are  very  irregularly  distributed, 
and  amount  to  several  hundreds  of  atmospheres.  ^ly 
experiments   for  the  same  reduction  of   the  volume  of   the 

*  Comptes  Rendus,  September  17,  1888,  p.  522. 
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gas,  give  in  general  much  greater  pressures  than  his,  but  the 
differences  can  easily  be  accounted  for  by  the  probable  and 
even  inevitable  causes  of  error  in  the  method  followed  by 
him. 

The  following  i^esults  relate  solely  to  great  pressures; 
the  pressures  below  1,000  atmospheres  will  be  investigated 
in  part  by  means  of  an  apparatus  permitting  the  use  of 
temperatures  vastlv  higher  than  I  have  been  able  to  com- 
mand with  the  apparatus  imposed  by  the  very  great  pres- 
sures, and  with  which  I  have  been  able  to  operate  between 
only  0°  C.  and  50°  C. 

The  following  table  gives  for  the  pressures,  in  the  first 
column,  the  volumes  of  the  gaseous  mass  at  15°  Centigrade 
relatively  to  its  volume  as  unity  at  the  same  temperature 
and  under  the  pressure  of  one  atmosphere  : 


Pressures 
in 
Atmospheres. 

Air. 

Nitrogen. 

Oxygen. 

Hydrogen. 

750 
1. 000 
1  500 
2,000 
2.500 
3,000 

0'002200 
0*001974 

o"ooi709 
0001566 
0*001469 
0*001401 

0*002262 

0*00.i032 

0001763 
o'ooi6i3 
0*00151^ 
0*001446 

0*001735 
o'ooi492 
0*001373 
0*001294 
0-OOI235 

o*coi685 
0*001344 
o*oon6i 
0-001047 
0*000964 

The  comparison  of  the  compressibility  of  strongly  com- 
pressed gases  with  each  other,  and  with  that  of  the  liquids. 
is  interesting,  and  to,  facilitate  it  I  have  calculated  for  differ- 
ences of  500  atmospheres  of  pressure  the  coefficients  of 
compressibility  of  the  gases,  as  habitually  defined  for  ^ 
liquids.      In  the  following ' table  are  the  results  obtained: 


Limits  of  Pres.sure 

in                                         Air                      Nitrogen. 
Atmospheres. 

1, 

Oxygen. 

Hydrogen. 

Between      750  and  i  ,000,  .    .    .             0-000411                    0-000407 
Between  1,000  and  1,500,  .    .    .             0*000268                    o'ooo265 
Between  1,500  and  3,000,  .    .    .            0-000167                  0*000170 
Between  2,000  and  2,500,  .    .    .             0*000123                    o"oooi22 
Between  2,500  and  3,000,  ,    .    .            0*000093                  0*000091 

0*000258 
0*000160 
,0*000115 
0*000091 

. 

o-o»04oS 
0*000272 
0*000197 
0*000158 

We    see    that,  under   vbry   great  pressures,    the    gases 
oxygen,  nitrogen  and  air,  have  nearly  the  same  compres- 
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.sibility;  and  that  it  is  of  the  order  of  magnitude  of  the 
compressibility  of  the  liquids ;  at  3,000  atmospheres  it  is 
sensibly  equal  to  that  of  alcohol  under  normal  pressure. 

The  compressibility  of  hydrogen  is  very  much  greater — 
nearly  double — and  at  3,000  atmospheres  it  is  almost  equal 
to  that  of  ether  under  normal  pressure. 

There  may  be  easily  foreseen  that  these  compressibilities 
should,  as  in  the  case  of  the  liquids,  increase  with  the  tem- 
perature, which  is  shown,  as  regards  hydrogen,  by  the  fol- 
lowing table: 


•                Limits  of  Pressure 

COBPFICIENTS. 

in 
Atmospheres. 

At  Zero. 

At  15-4°. 

At  47-3°. 

o"ooo 
0*000263 
0*000196 
0*000156 

0*000408 
0*000272 
0*000197 

0*000158 

Between  1,500  and  2,000, 

Between  2,000  and  2,500, 

Between  2,500  and  3,000, 

o'oooaSo 

0"00020& 

o'oooi38 

The  apparent  densities  are  easily  deduced  from  the  first 
table;  and  admitting,  provisionally,  for  the  compressibility 
of  glass  the  nuinber  generally  adopted,  we  obtain  the 
following  results  for  the  pressure  of  3,000  atmospheres: 

Densities  of  the  Gases  under  the  Pressure  of  3,000  Atmospheres, 
relatively  to  water. 

Apparent,  Real. 

Oxygen, I'ogyz  11054 

Air 08752  o'88i7 

Nitrogen o'823i  08293 

Hydrogen 00880  0-8887 

The  curves  obtained  by  laying  off  the  pressures  as 
abscissas  on  an  axis,  and  the  products  /  v  as  corresponding 
ordinates  perpendicular  to  the  axis,  are  nearly  straight 
lines,  but  they  all  have  a  slight  concavity  towards  the  axis. 
I  shall  return  to  this  important  point  as  regards  the  limited 
volumes  after  I  shall  have  determined  the  variation  of  the 
voltime  of  the  envelopes. 
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REvSULTS  OF  EXPERIMENTS  made  to  DETERMINE 

THE  PERxMEABILITY  of  CEMENTS  and 

CEMENT  MORTARS. 


Bv  G.  W.  Hyde  and  W.  J.  Smith,  University  of  Pennsylvania. 


Condensed   by  L.  M.  Haupt. 


The  apparatu.s  was  designed  to  fulfil  the  requirements  of 
simplicity,  strength,  tightness,  accuracy,  and  facility  for 
changing  specimens. 


It  was  found  to  be  well  adapted  to  the  purpose  and  con- 
sisted of  a  cylinder  composed  of  wrought-iron  three-inch  pipes 
screwed  into  four  cast-iron  tees.  The  far  end  was  closed  by 
a  cap.  the  near  end  by  a  tie  bushed  down  to  admit  the  one- 
fourth-inch  feed  pipe,  on  end,  and  the  gauge  on  top.  The 
specimens  to  be  tested  were  placed  in  short  six-inch  cylinders, 
three-inch  diameter,  having  a  thread  cut  on  the  upper  end 
and  a  perforated  cap  on  the  bottom.  The  hole  in  the  cap  was 
one  and  one-half  inches  in  diameter.  Rubber  washers  were 
placed  between  the  caps  and  samples  to  be  tested,  to  prevent 
leakage  at  the  joints.  These  cylinders  containing  the  speci- 
mens were  screwed  tightly  into  the  tees,  and    below  them 
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glass  beakers  were  attached  by  elastic  bands  to  catch  the 
water  passing  through  the  cements  and  mortars. 

The  water  used  was  first  filtered  to  prevent  the  choking 
of  the  pores  by  sediment.  The  pressure  was  applied  by  a 
hand  force-pump  and  maintained  throughout  the  serie;< 
at  75,  lOO  and  200  pounds  respectively.  Four  specimen.s 
were  tested  simultaneously. 

The  accompanying  cut  will  illustrate  the  simplicity  of  the 
apparatus  as  assembled. 

THE    SPECIMENS. 

Experiments  were  made  on  the  following  brands  : 

1 .  Union,  furnished  by  Lesley  &  Trinkle. 

2.  Old  Newark,  by  Samuel  H.  French  &  Co. 

3.  Brooks  and  Shoebridge  Portland, Samuel  H.  French  &  Co 

4.  vStettin  Portland,  Samuel  H.  Fren<;h  &  Co. 

5.  Anchor  Coplay  Portland,  Samuel  H.  French  &  Co. 

6.  Giant  Portland,  Lesley  &  Trinkle. 

7.  Improved  Union,  Lesley  &  Trinkle. 

8.  Egypt  Portland,  Lesley  &  Trinkle. 

Each  sample  was  sifted  carefully  through  a  sieve  having 
forty  meshes  to  the  lineal  inch. 

The  sand  was  passed  through  sieves  of  twenty-five 
meshes  per  inch. 

The  experiiuenls  embraced  six  series  : 

(a)  of  neat  cements  after  setting  seven  days. 

(d)  of  neat  cements  after  twenty-eight  days. 

(c)  of  cement  mortars,  composed  of  equal  parts  of  cement 
and  sand  after  seven  days. 

(df  same  after  twenty-eight  days. 

(c)  of  cement  mortar  composed  of  one  part  of  the  former 
to  two  of  the  latter,  seven  days. 

{/)  sanae  after  twenty-eight  days. 

The  specimens  were  carefully  manipulated  with  just 
sufficient  water  to  form  a  thin  film  when  rammed  in  the 
moiild  so  as  to  fill  the  cylinder  to  a  height  of  three  inches. 
The  samples  were  allowed  to  drain  for  one  day,  after  remov- 
ing from  the  water  in  which  they  had  set,  before  using. 
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The  following  tables  give  the  numerical  results  of  the 
experiments,  showing  the  amount  of  percolation  in  ounces 
and  quarts  at  the  end  of  each  hour  under  the  varying  pres- 
sures for  seven  and  twenty-eight  days,  cements  and  mortars. 
Where  no  figures  are  given,  there  was  no  measurable  perco- 
lation. 


TABLE  I. — Neat  Cbmbnts.    Seven  Days. 


Pkessure, 

Pressure. 

Pressure, 

75  Pounds 

PER  S^ 

.In. 

100  Pounds  PER  Sq.  In. 

200  Pounds 

pekSq.In. 

G            Variety. 
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4  ,B.    &    S.    Eng. 

24 

15 

Port., 

Improved  Union, 
Egypt  Port.,    .    . 

Stettin   Port._     .    . 
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0'227 
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0-424 
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o-igs 
0-525 
0-361 
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0-498 
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0*129 
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54   ,Old  Newark  Port        -    - 

o'c9i 
0-224 

.     g 

22    Union, 

0-044 

o'i43 

0-139 

o-io8 

0-094 

0"l62 

11    Anchor  (Coplay), 

0-203 

0-2I9 

o-2i6 

0'2I2 

0-298 

o"3o6 

0-299 

0-301 

0-426 

0-442 

0-436 

o*434 

Giant  Port.,     .    . 

o'263 

0-299 

0*326 

0*296 

0-233 

0-173 

0-184 

0-197 

0-562 

0-843 

1-224 

0*875 

TABLE  II.^Neat  Cements,     Twenty-eight  Days. 


Variety. 

Pressure,                           Pressure,                            Pressure, 
75  Pounds  per  Sq.  In.      100  Pounds  per  Sq.  In.      200  Pounds  per  Sq.  In. 

E 

a. 

«~ 
0 

6 

First  Hour 
Second  Hour. 

Third  Hour. 

Average    per 
Hour. 

First  Hour. 
Second  Hour. 

Third  Hour. 

Average    per 
Hour. 

First  Hour. 
Second  Hour. 

Third  Hour. 

Average    per 
Hmr. 

7 

E.     &    S.    Eng, 

ozs. 

ozs. 

ozs.      ozs. 

ozs. 

ozs. 

ozs.      ozs.    '  ozs.      ozs,      ozs.      ozs. 

! 

Improved  Union, 
Egypt  Port.,    .   . 

14 

.  .  . 

...... 

Stettin  Port.,   .   . 

.   .   . 

6 

Old  Newark  Port. 
Union, 

21 

2 

Giant  Port.,     .   . 

.................. 

10 

Anchor  (Coplay), 

O'ZOI 

0'X26 

0*103 

O'XIO 

o-x* 

o*i86 

0*183    o'i€9  ,  0*446  [  0*525 

0-583  0-518 
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TABLE  V. — Neat  Cements.    Seven  Days. 


4.  B.  &S.  En^.  Port., 
24.  Improved  Vnion,  . 

^5-  Eg>'Pt  Port 

20.  Stettin  Port.,  .  . 
54.  Old  Newark  Port., 

22.  Union, 

II.  Anchor  (Coplay), 

3.  Giant  Port.,   .  .   . 


PwFSSUKE. 

75  Pounds  Pbr  Si,).  In. 


Pressurf,  Prbssitre, 

100  Pounds  Per  Sq.  In., 200  Pounds  Pek  S-j.  In. 


Ounces    PerOuarts     Per 

Surface  of  Surface  of 
Sq.  In.  Per  Sq.  In.  Per 
Hour.         I     24   Hours, 


o'o46 
c'ogo 
0*126 


Ounces    PerlQuarts     Per'Ounces    Per 


Surface  ofi  Surface  of 
Sq.In.Per  Sq.ln.Per 
Hour.  24   Hours. 


o'ooS 
0-045 
o'oSg 
0-128 
0*084 


0-006 
0-032 
0*050 
0*092 
o*o6o 


Surface  of 
Sq.In.Per 
Hour, 


0055 

0'205 

0*134 
0*184 
0-371 


Quarts  Per 
SurfacVof 
Sq.In.  Per 
24   Hours. 


0-040 
0-143 
0-006 
0-132 
0*267 


TABLE  VI. — Neat  Cemrnts.    Twenty-eight  Days. 


Pkrssure,  Pressure,  pRSSStiRB, 

75  Pounds  Per  So.  In.   100  Pounds  Per  Sq.  In.  200  Pounds  Pes  Sq  In. 


Ounces    PerQimrts     PerOunces    PerQuaris     PerOunces    Per  Quarts     Per 

Surface  of     Surface  of     Surface  ot      Surface  of     Surface  of     Surface  of 

I    Sq.    In        I    Sq      In.      i    J-q.    In.       i    Sq,     In.      i    Sq      In.      i    Sq,     In. 

Per  Hour.      Per      24      Per  Hour.      Per      24     Per  Hour.      Per     24 

Hours.  Hours.  Hours. 


7:  B.&S.  Eng.  Port.,  . 

23.  Improved  Union,     . 

14.    Egypt  Port. 

41.  Stettin  Port  ,     ... 

• 

6.  Old  Newark  Port.,  . 

21.  Union, 

2.  Giant  Port., 

10.  Anchor  (Coplay),    .          o-c 

4 

0*03 

\ 

3*07 

3*C 

52 

3": 

2C 

0153 

TABLE  VII.— MoRTAKS.     Sevrn  Days. 


Pressure,  75  Pressure,  100  Pressure.  2jt 

Pounds  Per  Sq.  In.  Pounds  Per  Sq.  In.  Pounds  Per  Si,    I  •■ 
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EGYPT  PORT, 

OLD  NEWARK  PORT,  No  52 
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FIG.  3. 
28  DAY  MORTARS   • 
OF 
ONE  CEMENT  TO  ONE  SAND. 
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TABLE  VIII, — Mortars.    Twenty-eight  Days. 


Variety. 


8.  Anchor  (Coplay), 
16.  Improved  Union, 

19.   Union, 

45.  Stetiin 

33-   Egypt  Port.,  .    .    . 

5.  Gi.int  Port.,  .    .    , 
12.  E.  &S.  Eng.  Port., 
Old  Newark,     .   , 


Pbes^urh,  75  Prfssure,  100  Pressure,  200 

Pou.NDS  Per  ?ij.  In.  Pounds  Per  Sg.  In.  Puunds  Per  Sq.  In, 
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22-031 

15-861 

9-938 

7-'55 
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27-754 

19-081 
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•   •    - 

Analysis  of  Cements  by  Oliver  Hough,  B  S.,  P.C. 


No.  2.    No.  3.    No.  4.    No.  6.     No.  5.     No.  7.   No.  8.* 


i       fSilica. i3'92  i6'88  21*14  20-99  lo'iS  24'44 

I      o^     Alumina, 8-52  692  i"o2  4*12  4-55  4-69 

^^  I  Ferric  oxide,         3-20  382  2-01  518  241  yto 

c  J.  •;  Phosphoric  acid, 1-82  i'o8  .    .    .  1-17  1-33  0-50 

I      -r'u      h'"^^'*- *5"o7  58'4o  66-04  60-75  59'9*t  52"39 

^2      Magnesia, 7-86  2*06  0*47  0-41  0*60  3-47 

I     CL       [Alkalies, i*6i  1-03  1     1*78  1     1-79  i-6i  2-03 

I                 Calcium  Sulphate, 3*21  4*32  3*73  5'02  2"oi  3-24 

•     ^i  (^'J'^!-    •    -y^-   ■        ■J ."'33,  <'99  4*36  1-45  13-39  5*>7 

=  ~  }  Alumina  and  feme  oxide,     ....  1     .      f  060  trace  ...  1     ,      /  trace     ) 

'3^1  Oxide  of  manganese, }      ^^\  trace  j   ^  ^*^  (  trace      / 

^ :!   I,  Magnesia, o-86  0-36  0-31  ... 

Total, 99'99     1  ioo"46  lioo'ss  |  ico'88  1 100 '00    ]  99'73 

Total  silica. 25-25  ai-87  I   25-50  |   22'44  1   23*57  29-61 

Total  ahimioa  and  ferric  oxide,  .   .      1431  ii'34  3"03  g-30  1   io-66  8*49 

Total  magnesia, 8-73  2-42  i     0-47  0-41  '     o-gt     \  3*47    | 
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Uncompleted. 
By  difference. 


The  last  four  tables  were  computed  from  the  results  as 
stated  in  the  first  four,  on  the  assumption  that  the  percola- 
tion varies  directly  as  the  diameter  and  inversely  as  the 
thickness.  They  are  reduced  to  the  basis  of  quarts  in 
twenty-four  hours  for  greater  convenience  in  plotting  the 
curv^es. 
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These  results  show  that  all  cements  are  not  permeable  to 
water,  at  least  for  thicknesses  of  not  less  than  three  inches, 
while  the  mortars  are  all  permeable  ;  the  amount  increases 
with  the  pressure  and  decreases  with  age  of  specimen,  but 
not  in  a  direct  ratio. 

Larg'e  surfaces,  however",  are  very  apt  to  contain  cracks 
and  flaws  which  greatly  increase  the  permeabilitv.  ^lag- 
nesia  is  an  undesirable  constituent,  as  it  causes  expansion 
and  ultimate  crumbling  or  flaking.  Sulphur  will  destroy 
stone  or  concrete.  It  is  more  serious,  as  it  is  more  inti- 
mately mixed.  There  are  colors  that  contain  so  much  sul- 
phur as  to  destroy  concrete.*  The  chemical  compositions 
of  the  cements  submitted  are  given  in  the  above  table. 

The  diagram  herewith  will  give  a  more  comprehensive 
view  of  the  action  of  these  specimens  under  pressure.  Xo 
results  are  plotted  for  the  non-permeable  cements. 

For  the  purpose  of  comparison  it  may  Ijc  well  to  add  that 
the  Board  of  Experts  on  the  Washington  Aqueduct  Tunnel 
in  investigating  this  subject,  found  that  "a  good,  fair  speci- 
njen  of  brick,  *  *  under  a  pressure  of  water  amounting  to 
eighty  pounds  per  square  inch,  for  one  hour,  passed  23-4 
cubic  inches  of  water."  During  the  secimd  hour  it  was  21 -3 
cubic  inches.  "This  is  equivalent  to  175  gallons  per  square 
foot  of  surface  per  hour,  or  for  the  whole  surface  of  the 
tunnel  27,342,000  gallons  per  day  of  twenty-four  hours." 
"  Blocks  of  cement  mortar  were  prepared  in  the  proportion 
of  one  part  of  cement  to  two  of  sand,"  and  after  setting  in 
water  for  five  weeks  one  of  them  gave  2, 367-8  cubic  inches 
of  water  in  two  and  one-half  hours  under  eighty  pounds 
pressure,  "equivalent  to  73-8  gallons  per  .square  foot  of  sur- 
face per  hour — very  far  beyond  the  amount  of  percolation 
given  b}' brick."  "  The  sand  here  used  was  not  of  the  very 
first  quality,  and  the  cement  brick  presented  the  appearance 
of  great  porosity." 

Mr.  Jas.  B.  Francis'  experiments  "  showed  that  about 
seventeen  and  one-fourth  gallons  per  square  foot  passed 
through    a  thickness  of   nearlv  sixteen  inches  of  cement  in 


*  John  C.  Goodridge,  Jr.,  113  East  Twenty-fifth  Street,  New  York. 
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twenty-four  hours  under  a  pressure  of  seventy-seven  pounds 
per  square  inch."  "  Mr.  Stauffer's  experiments,  made  in  the 
Dorchester  Bay  Tunnel,  serve  to  throw  light  on  the  leakage 
through  brick  work.  He  constructed  a  bulkhead  of  brick, 
laid  in  cement,  four  feet  thick,  in  a  tunnel  10  x  10  feet.  He 
found  that  under  a  pressure  of  seventy-two  pounds  per 
square  inch  the  water  percolated  through  at  the  rate  of 
120,000  gallons  a  day,  or  1,200  gallons  per  square  foot." 
"The  experience  on  the  Boston  main  drainage  works  proved 
that  it  was  not  practicable  to  build  brick  masonr\'  that  was 
water-tight  under  a  pressure  of  sixty-four  pounds  per  square 
foot. 

"  At  the  new  Croton  Reservoir,  New  York,  water  under 
thirty-six  feet  head  was  found  to  percolate  through  twenty- 
six  inches  of  brickwork  and  four  feet  of  concrete."  * 

When  water  was  let  into  the  Vanne  Aqueduct  in  the 
spring  of  1869  the  in.spector,  M.  Belgrand,  certified  that 
"  Impermeability  appeared  complete." 

This  conduit  is  built  for  miles  of  beton-agglomere,  com- 
posed of  sand  and  cement.  The  pipe  is  circular,  six  and  one- 
half  feet  in  interior  diameter,  with  a  thickness  of  twelve 
inches  at  the  sides  at  the  water  surface,  and  nine  inches  at 
top. 

These  results  show  a  great  range  in  the  amount  of  perco- 
lation, due  mainly  to  the  size  and  character  of  the  ingredi- 
ents and  the  manner  of  mixing. 


*  Vide  Report  on  Washington  Aqueduct  Tunnel,  p.  21.     House  of  Rep. 
Fiftieth  Congress,  Second  Sess.    Report  No.  4,142. 
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The  cusps  of  the  GEAR-TOOTH  CURVE. 


George  B.  Grant,  Lexington,  Mass. 


In  designing  gear-tooth  curves,  the  flank  of  a  pinion 
tooth  formed  on  a  pitch  line  that  is  smaller  than  a  certain 
limiting  size  will  be  found  to  have  a  troi;blesome  convolu- 
tion consisting,  of  two  cusps.  At  each  cusp  the  cui^ve  sud- 
denly reverses  its  direction,  and  all  tooth  contact  is  imprac- 
ticable beyond  the  first  one. 


This  happens  with  any  form  of  tooth  curve,  although 
sometimes  in  disguised  form,  and  the  only  remedy  is  to 
avoid  using  pitch  lines  that  are  small  enough  to  have  the 
defective  tooth.  If  smaller  pitch  lines  must  be  used,  the 
trouble  must  be  avoided  by  ciitting  down  the  tooth  until 
the  cusp  is  removed. 

If  the  curve  is  constructed  by  points,  as  is  always  pos- 
sible, the  cusp  may  be  located,  but  the  method  is  tentative, 
tedious  and  inaccurate.  The  following  method  will  be 
found  to  be  simple,  exact,  and  of  universal  application. 

In  the  figure  OCC  is  the  line  of  action  of  the  tooth  system 
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that  is  in  use,  and  it  is  required  to  locate  the  cusps  of  a 
tooth  on  the  pitch  line  OB  from  the  centre  A. 

From  the  given  centre  draw  an  arc  Cc  internally  tangent 
to  the  line  of  action  at  C,  and  the  first  cusp  will  be  nonnal 
at  c.  From  the  same  centre  draw  an  arc  C  c'  externally 
tangent  to  the  line  of  action  at  C ,  and  the  second  cusp  will 
be  tangent  to  it  at  c' . 

When  constructing  a  tooth  on  this  pitch  line,  the  flank 
must  end  at  the  first  cusp  c.  Furthermore,  the  curve  of  the 
face  of  any  tooth  that  is  to  run  with  the  gfear  must  end  at 
the  point  K  on  the  arc  CK ;  for,  if  it  is  extended  further  it 
will  interfere  with  and  cut  off  a  part  of  the  working  flank  of 
the  gear  tooth. 

To  determine  the  position  of  the  centre  of  the  smallest 
pitch  line  that  will  avoid  the  cusps  altogether,  find  by  trial 
the  required  centre  A"  from  which  but  one  tangent  arc  can 
be  drawn  to  the  line  of  centres  at  C" . 


Ox  THE  VALUE  OF  TECHNICAL  TRAINING,  and  the 
TEACHING    OF    DRAWING    and    HAND- 
WORK IN  PUBLIC  SCHOOLS. 


By  Edward  Combes,  C.  E. 


{^Companion  of  Most  Distiiigtiished  Order  of  St.  Michael  and  St.  George, 
Officer  of  the  Legion  of  Honor,  and  P>-esident  of  the  Board  of  Technical 
Education  of  New  South  Wales,  Australia.'^ 

It  may  be  well  to  introduce  this  important  and  interest- 
ing paper  to  American  readers  bj'  a  few  words  concerning 
its  author  and  the  circumstances  under  which  it  was  written. 

Hon.  Edward  Combes  is  an  engineer  of  ability  and  dis- 
tinction, among  the  earliest  who  sought  in  the  antipodes 
opportunity  to  wrest  from  nature  her  secrets  and  her  treas- 
ures. Going  to  the  Colony  of  New  South  Wales  as  a  min- 
ing engineer,  equipped  not  only  with  a  technical  and  prac- 
tical training  as  thorough  as  his  native  England  could  af- 
ford, but  also  with  a  wide  and  varied  polite  education,  he  was 
Whole  No.  Vol.  CXXVIII.— (Third  Series,  Vol.  xcviii.)  14 
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thrown  at  once  into  those  hardships  and  dangers,  and  that 
necessity  of  encountering  emergencies  and  overcoming 
obstacles,  which  characterized  early  Australian  days.  His 
skill  and  force  of  character  soon  won  for  him  the  important 
position  of  Government  Engineer  of  Mines  ;  and  as  his  clear 
judgment  became  more  and  more  conspicuous  in  days  of 
turmoil,  he  was  elected  member  of  the  Colonial  Parlia- 
ment. He  afterwards  accepted  thp  important  portfolio  of 
Minister  of  Public  Works,  at  the  time  when  of  all  others 
competence  and  reliability  was  demanded  by  reason  of  the 
imminence  of  war  between  England  and  Russia,  which 
woiild  mean  ruin  for  the  then  defenseless  city  and  harbor  of 
Sydney.  His  name  is  thoroughly  identified  with  the  forti- 
fications and  the  railway  system  of  the  Colony.  In  1878  he 
was  chosen  as  the  fittest  person  to  represent  his  government 
and  country  at  the  Universal  Exposition  in  Paris,  whei'c  he 
was  made  one  of  the  Jury  of  Award.  During  that  year  and 
part  of  1879,  Mr.  Combes  — who  received  from  the  British 
and  French  governments,  in  recognition  of  his  ability  and 
services,  decorations  which  he  honored  in  accepting — trav- 
elled through  the  greater  part  of  Europe  collecting  upon  the 
subject  of  technical  education  information  intended  to 
shape  the  coming  school  system  of  New  vSouth  Wales  ;  and 
visiting  this  country  extended  his  inquiries  with  a  thor- 
oughness which  those  who  met  him  and  those  who  have 
read  his  admirable  and  exhaustive  report  upon  the  subject  * 
will  remember.  It  was  my  good  fortune  to  be  in  almost 
daily  contact  with  Mr.  Combes,  during  the  year  or  more  in 
which  these  inquiries  were  extended  in  Europe  and  America, 
and  I  take  pleasure  in  testifying  to  the  earnestness  and  thor- 
oughness with  which  each  system  was  examined  in  the 
most  trifling  details  of  its  application,  and  through  the 
widest  results  which  it  produced. 

Adding  to  his  many  attainments  that  of  being  a  color 
artist,  whose  productions  have  received  medals  wherever 
exhibited,  and  whose  ability  in  this  line  was  recognized  by 
his   election   as   President  of  the   Society  of   Water-Color 

*  Report  on  Technical  Education.  O.ficial  Document,  Legislative 
A  s-mbly.  New  South  Wales.     Sydney,   1887. 
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Artists  of  New  South  Wales,  Mr.  Combes  can  view  this 
question  of  technical  education,  and  particularly  the  matter 
of  drawing  and  handwork,  from  more  sides  than  any  other 
engineer  of  my  acquaintance;  and  the  eminently  practical 
character  of  his  private  and  public  occupations  precludes 
his  entertaining  any  visionary  views  upon  the  subject.  As 
artist  and  educated  gentleman,  as  engineer  havinsf  also 
large  mining  and  manufacturing  interests,  as  legislator 
and  as  Minister  of  the  Crown.  'Mr.  Combes  has  based  his 
opinions  upon  thorough  knowledge  of  everv  aspect  of  the 
case. 

After  examining  the  subject  thoroughly,  we  must  con- 
clude with  him  that  to  permit  any  child  to  grow  up  with  but 
<me  side  of  his  nature  developed,  is  a  wrong  done  to  him  and 
to  society  at  large.  If  we  do  not  put  the  whole  boy  to  school,  we 
are  lessening  his  earning  powers,  adaptability  and  capacity 
for  happiness  and  usefulness.  If,  after  knowing  the  facts 
in  the  case,  we  allow  to  remain  dormant  or  become  dwarfed, 
any  faculty,  which  has  been  implanted  in  the  young  beings 
entrusted  to  us  for  development,  we  are  unfaithful  stewards, 
incompetent  and  criminallv-negligent  guardians,  meriting- 
punishment  and  reproach.  Robert  Grimsh.\w. 


Xo  apology  is  needed  for  the  subject  of  this  paper.  The 
education  of  the  artisan  and  mechanic  has  occupied  the 
attention  of  the  greatest  statesmen,  as  well  as  that  of  the 
most  distinguished  and  eminent  educationalists,  throughout 
the  whole  of  the  civilized  world,  for  a  considerable  number 
of  years.  Inquiries  have  been  made  by  boards,  commis- 
sions and  committees  appointed  by  nearly  all  the  leading 
governments  of  Europe  and  America,  as  to  the  advisabilitv 
of  technical  teaching,  and  in  every  case  the  conclusion 
arrived  at  has  invariably  been  the  same,  viz :  that  its 
importance  and  utility  could  not  be  overrated  and  that  it 
was  the  absolute  duty  of  their  respective  governments  to 
provide  such  instruction  in  the  best  possible  manner.  This 
has  been  carried  out  with  greater  or  less  good  results ;  and 
my  object  is  to  bring  before  you,  in  as  concise  a  manner  as 
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practicable,  the  existing  facilities,  in  actual  operation,  for 
imparting  this  class  of  instruction,  and  the  general  charac- 
ter of  the  primary  education  given  in  different  countries 
with  regard  to  its  connection  with  the  technical  training 
necessary  to  aft'ord  the  young  such  opportunities  of  acquis- 
ing  that  characteristic  knowledge  suited  to  the  works  and 
manufactures  belonging  to  the  particular  district  in  which 
the  school  is  situated. 

While  no  real  difference  has  existed  among  the  advocates 
of  technical  teaching  as  to  its  general  advisability,  there 
have  been  a  variety  of  opinions  as  to  the  manner  or  method 

*of  imparting  it.  One  great  question  is  with  reference  to 
apprenticeship  schools.  It  is  contended  on  the  one  hand  that 
the  old  system  of  apprenticeship  has  completely  broken  down, 
and  that  consequently  it  behooves  the  state  or  the  mixnici- 
pal  government  to  teach  the  various  trades  in  schools  insti- 
tuted for  that  special  purpose.  On  the  other  hand  it  is  stated 
that  these  trade  schools  are  objectionable,  on  account  of  an 
expense  not  warranted  by  the  results,  and,  moreover,  that 
properly-equipped  technical  schools  for  every  trade  would 
practically  be  an  impossibilit}-.  The}-  also  argue  that  such 
schools  are  not  thoroughly  eft'ective,  as  improved  methods 
and  machinery  are  being  daily  discovered  and  applied,  and 
consequently,  that  such  schools  could  never  keep  pace  with 
the  factory,  however  perfectly  the  school  might  have  been 
established  in  the  first  place.  That  the  work  accomplished 
would  not  be  real,  but  of  a  very  mediocre  class,  and  that  for 
want  of  association  with  real  workmen,  the  school-taught 
artisan  would  be  unable  to  commence  as  a  skilled  workman. 
There  is  much  to  be  said  on  both  sides,  for  while  there  can 
be  no  doubt  as  to  the  utility  of  apprenticeship  schools  for 
turning  out  scientific  and  highly-skilled  workmen,  eminently 
fitted  for  foremen,  managers  or  proprietors  of  industrial 
works,  the  cost  of  training  in  these  institutions  is  too  great 

.  altogether,  for  the  system  to  be  applied  to  the  masses. 
There  can  be  no  doubt  that  there  is  room  for  many  modifi- 
cations of  the  systems,  and  that  more  economical  arrange- 
ments will  be  made  in  the  future  tievelopment  of  these 
establishments,  1  which  are   numerous    in    Europe  and  con- 
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stantly  increasing.  They  have  proved  their  value  over  and 
over  again  in  forming  the  most  thoroughly  trained  artisans 
in  most  kinds  of  skilled  labor,  both  in  the  practice  of  the 
art  and  in  the  knowledge  of  that  science  which  underlies  it. 
I  may  mention  here  that  the  success  which  has  attended 
the  industrial  schools,  established  by  law  in  France,  Bel- 
gium, Germany  and  Switzerland,  to  give  technical  instruc- 
tion to  the  masses,  who  have  to  live  by  the  work  of  their 
brains  as  transmitted  through  the  work  of  their  hands,  has 
been  simply  marvellous.  It  has  been  positively  proved  that 
the  technical  or  practical  work  never  injuriously  affects  the 
theoretical  studies,  but  that,  on  the  contrary,  the  manual 
work  acts  as  a  stimulus  in  the  subjects  of  descriptive 
geometry  and  industrial  drawing.  This  aiTords  independent 
and  direct  testimony  that  the  mental  and  physical  powers  are 
in  direct  accord,  and  can  be  simultaneously  or  concurrently 
educated  with  advantage  to  both. 

But  whatever  may  be  the  differences  of  opinion  with 
reference  to  apprenticeship  schools  or  manual  training, 
there  are  none  existing  as  regards  the  necessity  of  teaching 
drawing,  which  is  the  true  and  solid  foundation  of  technical 
training.  Ten  years  ago  I  advocated  the  simple  principle 
that  drawing  should  be  taught  in  all  the  elementary  schools. 
In  my  opinion  a  child  should  commence  drawing,  when 
learning  his  alphabet :  to  learn  the  name  of  a  letter,  and  at 
the  same  time  to  imitate  its  shape  from  a  model,  enables  the 
child  to  learn  reading,  writing  and  drawing,  at  one  and  the 
same  time.  The  child  learns  far  more  quickly  than  he  pos- 
sibly could  if  he  were  taught  separately,  for  the  one  helps 
the  other ;  the  eye  and  hand  are  brought  into  unison  from 
the  first,  and  once  this  is  firmly  established  everything  else 
comes  easy. 

The  importance  of  drawing  in  industrial  edtication  cannot 
be  overrated.  It  is  the  foundation  of  all  the  constructive 
arts.  No  industries  can  wholly  dispense  with  it,  and  its 
e.xercise  instructs  the  eye  and  hand  to  travel  together.  It 
is  an  essential  aid  to  every  class  of  artisans,  while  it  instructs 
and  improves  both  mind  and  body  in  its  imitation  of  nature. 
It  has  often  been  called  a  universal  lanq-uage  common  to 
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all   people  of   every   nation.     It   is    therefore   clear   that  it 
should  be  commenced  at  the  ver\'  earliest  period,  so  that 
from  the  beginning  of  the  child's  tuition  his  eye  and  hand  . 
should  thoroughly  understand  each  other. 

I  sav  that  no  difference  of  opinion  exists  as  to  the  ncces- 
sity  of  teaching  drawing  at  the 'earliest  age,  and  from  my 
own  knowledge,  I  can  state  that  a  child  learning  his  letters 
in  the  way  I  have  above  stated,  on  the  three  subjects  at  the 
same  time,  certainly  learns  to  read  and  write  more  quickly 
than  he  otherwise  would.  I  am  happy  to  say  that  drawing 
has  been  made  a  branch  of  primary  education  in  almost 
every  system  of  elementan,-  public  instruction,  and  is  now 
considered  as  necessary  to  a  child's  education  as  writing. 
It  is  no  longer  optional,  but  a  required  study.  Its  adoption 
is  no  longer  an  experiment,  but  an  undoubted  established 
fact.  This  must  be  honestly  considered  and  attended  to 
by  the  teachers  of  state  schools.  Manv  public  school-teachers 
have  never  had  the  opportunities  that  are  now  given  in 
normal  schools  and  training  colleges,  to  acquire  that  freedom 
of  hand  so  necessary  to  the  skilful  artist,  therefore  -  they 
should  take  every  opportunity  to  improve  themselves  in  free- 
hand drawing.  I  tind,  wherever  I  have  been,  that  generally 
the  teachers  are  making  the  most  strenuous  efforts  to  carry 
out  the  instructions  of  the  school  boards,  and  every  year 
will  make  a  marked  difference.  The  teachers  have  them- 
selves become  convinced  of  the  necessity  of  teaching  draw- 
ing from  the  earliest  age,  and  consequently  energetically 
endeavor  to  qualify  themselves  to  impart  the  required  ' 
instruction.  At  the  present  moment  a  great  movement  is 
going  forward.  A  school  training  is  required  that  will  give 
better  results  in  the  every -day  work  of  life  than  have  hitherto 
existed.  Drawing  must  be  taught,  and  this  inust  be  done 
honestly,  and  not  in  any  half-souled  manner.  The  teacher 
must  throw  himself,  or  herself,  into  the  subject  enthusiasti- 
cally, and  then  proportionate  progress  will  be  made.  It 
must  never  be  forgotten  that  the  practice  of  drawing  ren- 
ders the  pupil  more  apt,  and  better  able  to  receive  any  sub- 
sequent industrial  training,  no  matter  in  what  branch  of 
applied  art,  or  wl;iatever  may  be  the  industrial  occupation. 
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It  should  constantly  be  borne  in  mind  that  the  shorter  time 
required  to  reach  the  position  of  a  skilled  workman,  is  a  direct 
money  gain  to  the  State,  fully  sufficient  to  compensate  the 
cost  of  the  education.  Froebel  savs  that  "  drawing,  paint- 
ing, and  modelling  must  necessarily  be  considered  as  a  part 
of  the  general  comprehensive  education  and  training  of 
man.  They  must  be  early  treated  as  actual  objects  of  the 
earnest  school,  and  not  be  exposed  to  an  accidental,  worth- 
less and  fruitless  and  wanton  arbitrariness  ;  neither  with 
the  view  that  each  scholar  becomes  an  artist  in  some  kind 
of  art,  and  far  less  with  the  view  that  each  scholar  will  be 
an  artist  in  all  branches  of  art,  both  of  which  nullify  them- 
selves :  but  with  the  definite  view  that  each  man  may  be 
raised  to  the  point  of  developing  his  nature  faithfully,  com- 
pletely, and  on  all  sides ;  that  he  can  raise  himself  to  the 
point  of  recognizing  the  all-sided  and  all-powerful  nature  of 
man ;  but  especially,  as  has  been  already  stated,  that  each 
man  understands  how  to  perceive  and  to  value  the  results 
of  genuine  art." 

In  bringing  up  a  child  in  the  knowledge  of  what  is  good 
and  true  and  beautiful,  we  find  that  the  study  of  drawing 
has  immense  advantages  directly  valuable  as  educational 
influences,  and  where  the  greatest  attention  has  been  paid 
to  this  principle,  there  also  we  find  the  greatest  practical 
skill.  The  educating  power  possessed  by  elementary  draw- 
ing is  not  doubted,  and  the  great  accurac}'  which  drawing 
requires  affords  the  best  possible  practice  to  the  ej-e  and 
hand,  while  of  great  value  in  training  the  mind  to  be 
observant,  judicious  and  active.  Imagination  precedes 
reasoning,  therefore  the  imagination  should  be  cultured  in 
primary  education  in  such  a  way  as  to  occupy  a  prominent 
place.  We  know  that  nothing  is  more  attractive  to  the 
imagination  than  the  beautiful.  The  sense  of  the  beauti- 
ful is  called  taste,  and  should  be  accorded  a  first  place  in 
every  system  of  instruction,  more  especially  in  primary 
instruction,  and  in  the  teaching  of  poetry  and  art;  for,  if 
education  in  the  first  place  proceeds  by  images  and  reali- 
ties, we  should  make  use  of  them,  by  making  them  the 
vehicles  of  teachinsr  the  sublime  and  the  beautiful. 
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It  has  been  well  said  that  beauty  is  another  word  for 
education,  and  the  connection  of  culture  in  the  beautiful, 
with  culture  in  morals,  is  fiilly  apparent.  In  the  recogni- 
tion and  the  feeling,  the  loving  and  doing  of  the  beautiful, 
coarseness  and  vulgarity,  and  tendencies  towards  debasing 
and  sensual  enjoyments  find  a  countervailing  power.  The 
virtues  especially  developed  by  the  study  of  drawing  are 
persevering  industry,  love  of  unobtrusive  right  action,  order, 
decency  and  purity.  Goethe  says:  "The  importance  of 
instruction  in  drawing  as  a  part  of  education  will  best 
appear  when  we  consider  that  by  means  of  that  acquire- 
ment we  gain  an  increase  of  beautiful  and  noble  pleasures 
derived  from  the  external  world.  The  whole  realm  of  form 
and  color  opens  to  man ;  he  acquires  a  new  mental  organ;  he 
receives  the  most  delightful  ideas  and  learns  to  recognize,  to 
respect,  to  love  and  to  enjoy  the  beauties  of  nature.  Noth- 
ing gives  the  same  amount  of  true  happiness  as  art.  Why, 
therefore,  should  not  the  masses  be  taught  to  obtain  the 
salutarv  influence  which  it  gives  to  those  who  have  cultured 
tastes  and  a  love  for  the  beautiful,  and  who  can  appreciate 
to  the  utmost,  by  sight  and  hearing,  con-ect  proportions  and 
divine  harmonies."  The  man  who  has  during  a  certain 
number  of  hours  of  the  day  to  labor  to  gain  his  livelihood 
would  surely  gain  the  greatest  consolation  and  solace  in 
being  able  to  see  and  understand  the  beauties  of  nature,  and 
endeavor,  by  his  own  hand,  to  reproduce  what  he  sees  in 
clay  or  in  colors,  or  simply  in  black  and  white  by  his  pencil. 
Impressions  that  we  obtain  by  our  sense  of  sight  imprint 
themselves  upon  the  brain,  and  where  preconceived  ideas 
are  wrong,  thev  are  instantly  changed  for  our  benefit  by  the 
correct  judgment  of  the  eye.  It  is,  therefore,  universally 
admitted  that  drawing  should  occupy  a  most  important 
position  in  primary  instruction,  and  that,  when  taught  as  it 
should  be,  it  not  only  gives  the  facility  in  a  greater  or  less 
degree  to  represent  the  various  forms  which  occur  in  almost 
all  trades  and  professions,  besides  being  of  inestimable  value 
in  the  work  of  ordinary  life,  but  it  gives  to  all  that  correct- 
ness of  eye  and  taste  without  which  the  true  sense  of  the 
beautiful   can  niever  be  thoroughlv  understood.     In  archi- 
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tecture,  as  in  sculpture  and  painting,  drawing  is  at  once  the 
instrument  and  the  language.  "To  know  how  to  draw,"  says 
Michael  Angelo,  "is  to  have  the  compass  in  the  eye."  The 
geometrician  wants  the  compass  in  the  hand,  but  the 
designer  and  painter  want  it  in  the  eye.  In  the  first  place, 
mental  calculation  is  required,  while  in  the  second  there  is 
an  immediate  intuition  in  a  single  glance.  It  is  usual  to 
speak  of  different  systems  of  art  education  as  the  French, 
South  Kensington,  German  or  American  methods,  whereas 
in  none  of  these  countries  is  there  any  hard  and  fast,  or 
even  any  comprehensive  system  of  giving  instruction  in  art 
for  the  public  schools.  As  a  matter  of  fact  there  is  no  abso- 
lutely national  system  of  art  education.  When  any  of 
these  so-called  systems  are  taught,  they  are  found  to  be  the 
method  of  some  talented  teacher  who  personally  gives 
instruction  and  advice  to  each  individual  pupil.  It  will  be 
impossible  here  to  describe  the  various  plans  adopted  bj' 
different  teachers,  but  I  mav  mention  that  the  one  great 
common  difficultv  is  in  qualifying  the  regular  school-teacher 
to  impart  art  instruction,  and  the  only  practical  way  out  of 
the  difficulty  is  to  encourage  teachers  to  attend  training 
schools,  whose  classes  shall  be  open  to  teachers  during  the 
ordinary"  vacations.  I  am  aware  that  this  has  been  par- 
tially done  here,  as  well  as  in'many  localities  in  Europe,  with 
excellent  results.  It  stands  to  reason  that  once  the  ordi- 
nary school-teacher,  who  has  the  confidence  of  his  pupils,  is 
capable  of  cultivating  a  perception  and  love  of  the  beau- 
tiful in  their  minds  by  means  of  drawing,  half  the  work  will 
be  accomplished.  To  learn  to  draw  will  be  no  longer  an 
arduous  task,  but  a  pleasurable  recreation  in  which  the 
children  will  delight. 

In  Germany  the  teaching  of  drawing  has  undergone  con- 
siderable change  within  the  last  few  years,  chiefly  owing  to 
the  admirable  teaching  of  Mr.  Jessen.  His  success  became 
most  remarkable.  Mr.  Jessen  was  a  civil  engineer  of  Ham- 
burg, where  he  established,  at  his  own  expense,  a  special 
-  -hool  wherein  to  experiment  with  a  method  he  had  con- 
ceived for  teaching  drawing.  His  first  trials  were  so  extra- 
ordinarily  successful    that    the    municipal    authorities    of 
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Hamburg  toot  the  school  into  their  own  hands  and  voted 
for  its  maintenance  ^,"3,500  ($17,500)  annually.  This  went 
on  until  1875,  when,  on  account  of  the  ever-increasing  num- 
ber of  the  pupils,  the  municipality  erected  a  new  school,  to 
which  a  museum  was  attached,  costing  i^i  50,000  ($750,009). 
and  at  the  present  time  there  are  over  2,000  pupils  receiving 
instruction.  Mr.  Jessen  has  been  appointed  the  art  director 
of  all  the  municipal  schools,  so  that  his  method  of  teaching 
might  be  generally  adopted. 

This  method  appears  to  consist  less  in  the  innovation  of 
any  new  scientific  means  of  teaching  the  principles  of  draw- 
ing, than  in  giving  the  pupil,  individually,  that  particular 
and  special  instruction  which  the  necessity  of  his  trade  or 
profession  requires.  The  time  of  study  is  not  fixed,  and  the 
pupils  stay  at  school  three,  four  or  five  years,  according  to 
their  aptitude  in  acquiring  the  necessary  instruction.  Often 
the  very  intelligent  ones  obtain  proficiency  in  two  years. 
All  the  courses  take  place  in  the  evening.  The  first  half  of 
the  first  year  is  exclusively  consecrated  to  the  study  of  the 
primary  elements  of  drawing,  such  as  are  generally  taught 
in  all  the  schools  ;  but  drawing  from  the  flat  is  absolutely 
forbidden.  Every  lesson  is  drawn  from  an  object.  In  the" 
second  half  of  the  5^ear  professional  drawing  is  commenced, 
and  as  soon  as  the  pupil  really  knows  how  to  draw,  his  work 
is  chiefly  confined  to  models  which  apply  to  his  particular 
profession.  In  the  following  years  the  professional  work 
and  general  artistic  work  are  about  equally  divided,  and 
one  day  in  the  week  the  work  is  exclusively  professional, 
under  the  direction  of  a  working  foreman.  This  class  is 
often  held  in  private  workshops,  to  teach  the  application  (  '' 
the  general  principles  learnt  at  school.  Private  worksho;  > 
had  to  be  used,  as,  at  the  time  of  my  visit,  the  government 
had  not  organized  any  manual  professional  schools.  The 
great  singularity  of  Mr.  Jessen's  method  is  that  the  pupil:- 
do  not  receive  their  instruction  in  class,  but  that  each  one. 
individually,  receives  a  personal  intimate  instruction,  varied 
in  accordance  with  his  temperament  and  aptitudes.  The  ' 
professor  is  always  in  attendance  in  the  school,  where  he  is 
continually  engaged   inspecting   the    work    of    the   pupils. 
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reasoning  with  them  and  giving  them  judicious  counsel:  in 
short,  he  follows  step  by  step  the  work  of  each  student 
placed  under  his  direction. 

It  is  this  individual  instruction  that  causes  the  great  suc- 
cess of  Mr.  Jes.sen's  method.  It  enables  the  teacher  to  take 
into  particular  consideration  the  capacity  of  each  particular 
pupil.  This  is  a  most  weighty  circumstance,  because,  in 
drawing  solid  objects,  the  clearness  and  liveliness  of  the 
perceptive  powers,  the  accuracy  of  the  eye,  and  dexterity  of 
hand  must  be  brought  out.  These  qualities  are  very 
important,  and  are  found  to  differ  exceedingly  in  different 
individuals.  By  individual  treatment,  those  in  every  way 
naturally  gifted  need  not  be  held  back,  while  the  weakest 
need  not  be  dragged  along  in  order  that  the  medium,  form- 
ing the  majority,  should  not  suffer. 

The  question  as  to  the  best  method  of  giving  a  technical 
education  to  the  youth  of  a  country,  is  the  great  problem  of 
the  age.  Upon  its  proper  solution  the  prosperity  of  a 
country  as  regards  its  agricultural,  industrial  and  commer- 
cial relations  may  depend.  It  concerns  the  working  popula- 
tion, the  masses  of  the  people,  over  whom  it  is  the  duty  of 
the  government  to  watch  with  an  ever-increasing  solici- 
tude. It  is  exactly  this  class  of  instruction  which  enables 
the  future  man  or  woman  to  earn  a  living,  and  by  producing 
a  good  class  of  workmen  to  place  the  country  in  the  best 
industrial  position.  The  great  desire  of  all  nations  is  to 
produce  work  bv  which  their  respective  populations  may 
live,  and  this  desire  extends  itself  year  by  year  in  direct 
proportion  to  the  relative  increase  of  population.  It  is  not 
only  a  social  but  a  political  question  of  the  highest  impor- 
tance. To  place  the  people  of  any  country  in  a  position  to 
successfully  compete  with  the  rest  of  the  world,  is  the  object 
of  all  who  desire  their  country's  good.  The  imperative 
necessity  of  comparatively  placing  the  people  in  this  posi- 
tion is  self-evident,  and  no  one  dares  to  question  its  practical 
utility.  The  matter  to  be  considered  is,  how  to  do  this  in 
the  most  practical  and  effective  manner. 

The  old  system  of  making  workmen  was  by  the  process 
of  apprenticeship.     This  was  the  only  road  to  learn  a  trade. 
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The  apprentice  paid  a  fee  for  instruction  and  received  his 
hoard  and  lodging  as  an  equivalent  for  his  work.  He  was 
of  the  family  of  his  master,  his  friend,  and  often  became  his 
son-in-law.  There  was  eveiy  inducement  for  a  master  to 
teach  his  apprentice,  accordingly  apprentices  were  carefujly 
instructed,  and  there  existed  a  sufficiency  of  good  artificers 
in  proportion  to  the  demand  for  their  work.  Now,  how- 
ever, this  is  altogether  changed.  The  invention  of  machin- 
ery and  special  tools  has  destroyed  the  old  workshop  and 
diminished  small  factories,  and  the  industrial  .system  of  the 
country  has  been  revolutionized  and  reconstructed.  This 
reconstruction  has  its  good  as  well  as  its  bad  side.  Manu- 
factured articles  of  all  kinds  are  incredibly  cheaper  than 
they  used  to  be,  and  there  is  for  all  who  choose  a  greater 
chance  to  enter  the  class  of  skilled  artisans.  On  the  other 
hand,  the  mechanic  is  kept  week  after  week  and  year  after 
year  at  one  particular  branch  of  the  trade,  such  is  the  neces- 
sary result  of  a  division  of  labor.  There  can  be  no  doubt 
that  this  monotonous  employment  and  specialization  of 
labor  tends  to  the  degradation  of  the  workman  and  to  a 
diminution  of  the  art-value  of  his  work.  The  manner, 
therefore,  of  educating  young  artisans  daily  becomes  more 
important,  and  an  opinion  is  steadily  growing  up  that  our 
elementary  training,  whether  for  rich  or  poor,  is  still  exceed- 
ingly incomplete,  and  will  never  become  fitted  to  the  wants 
of  the  time  until  it  has  undergone  some  radical  modifica- 
tions, and  I  thoroughly  believe  that  these  will  take  the  form 
of  manual  training. 

If  we  divide  the  future  occupations  of  the  youth  of  all 
countries  into  agricultural  pursuits,  industrial  production 
and  manufactures,  distribution  and  commerce,  together 
with  the  learned  professions,  we  find  that  the  teaching  is 
not  in  accordance  with  this  division,  but  that  in  the  provi- 
sions made  by  the  public  or  state  schools,  it  would  seem 
that  all  our  young  men  were  to  become  parsons,  clerks  and 
lawyers.  There  is  nothing  industrial  in  the  curriculum  or 
anything  really  adapted  to  the  manufacturing  requirements 
of  the  country.  It  indicates  that  educationists  have  begun 
at  the  wrong  end.     That  the  culture  of   the  masses  should 
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precede  their  industry,  whereas  it  has  been  universally  con- 
ceded that  the  ornamental  should  wait  upon  the  useful.  It 
remains,  therefore,  to  instruct  the  masses  in  siich  a  manner 
that,  while  giving  them  their  ordinary  tuition  in  reading, 
writing  and  arithmetic,  they  may  learn  to  use  their  hands 
as  well  as  their  heads. 

The  question  as  to  the  possibility  of  organizing  work- 
shops in  primary  schools  has  been  often  considered.  The 
decision  arrived  at  has  been  generally  in  favor  of  the  prin- 
ciple, but  that  the  practical  teaching  of  different  trades 
would  be  next  to  an  impossibility.  To  carry  out  a  system 
of  manual  training  in  primary  schools,  it  is  necessary  to 
generalize  and  to  teach  that  class  of  work  which  is  common 
to  all  handcrafts,  and  useful  to  everyone  whatever  may  be 
his  social  condition;  work  just  sufficient  to  develop  manual 
dexterity,  and  which  will  also  serve  for  purposes  of  recrea- 
tion. This  is  not  at  all  theoretical.  The  system  has  been 
applied  in  hundreds  of  cases,  and  given  results  eminently 
satisfactory. 

The  work  adopted  as  the  most  convenient  is  that  which 
is  the  most  simple  in  its  character ;  the  easiest  class  of 
carpentry  and  wood  turning.  With  boys  there  seems  to  be 
an  innate  longing  to  use  carpenter's  tools,  and  this  is  quite 
sufficient  in  the  first  instance  to  set  in  motion  the  construc- 
tive faculties,  and  to  develop  manual  dexterity.  Besides, 
these  elementary  exercises  do  not  require  large  workshops 
or  expensive  tools,  but  can  be  taught  in  the  play  sheds  of 
ordinary  primary  schools.  In  France,  handwork  in  schools 
is  now  made  compulsory. 

I  must,  however,  find  space  for  noticing  what  has  been 
done  of  late  in  Sweden,  more  especially  in  the  training  of 
the  ordinary  school-teacher,  both  male  and  female,  so  that 
they  may  be  qualified  to  impart  the  knowledge  of  manual 
work  to  their  pupils.  In  the  Swedish  language  this  hand- 
work is  called  slojJ,  a  word  which  has  no  exact  ecjuivalent 
in  the  English  language.*  It  is  an  old'national  word,  coming 
from  an  epoch  when  nothing  but  hand  tools  were  used.     It 
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does  not  mean  any  handicraft,  but  implies  a  general  sense 
of  dexterity  and  cleverness.  Thus,  speaking  of  a  farm 
laborer  as  a  slojdarc  means,  that  while  he  is  simply  a 
laborer,  he  is  a  handy  inan  and  able  to  use  and  repair  the 
common  tools  and  implements  in  use  on  the  farm. 

This  simple  work  was  originally  taught  to  children  by 
their  parents,  for  it  was  customary  with  the  peasant  to 
make  and  repair  any  furniture  or  tools  required  by  the 
family.  This  was  generally  done  during  the  long  winter 
evenings.  When  factories  sprung  up,  making  cheap  articles 
of  iron  and  ware  to  replace  those  wooden  utensils,  the  desire 
and'  the  aptitude  for  making  them  at  home  were  by  degrees 
lessened  and,  indeed,  almost  altogether  destroyed.  The 
workman  degenerated  to  such  an  extent  that  the  govern- 
ment instituted  an  inquiry  into  the  cause,  when  it  was 
found  that  out  of  twenty-four  districts  only  five  retained 
anything  like  the  habitude  and  custom  of  this  cottage 
labor.  The  laborer  was  no  longer  a  slojdarc,  and  his  pro- 
duction having  ceased,  the  country  lost  a  considerable 
source  of  wealth.  It  was  thereupon  determined  that  this 
manual  training  should  be  taught  in  all  the  primary  schools. 

The  great  difficulty  was  the  teacher.  It  was  necessary 
to  train  them,  and  here  a  patriotic  gentleman,  named  Abra- 
hamson,  came  forward,  and  not  only  established  a  normal 
school  for  the  purpose,  but  duly  endowed  it,  placing  it 
under  the  direction  of  his  son-in-law,  M.  Solomon,  who  was 
also  one  of  the  first  and  most  fervent  propagators  of  manual 
work  in  primary  schools.  In  conjunction  with  the  founder, 
this  gentleman  has  carried  forward  the  grand  work  with  the 
greatest  enthusiasm,  and  their  wise  lessons  cannot  possibly 
be  studied  without  appreciating  the  important  results  that 
have  been  achieved  by  the  teaching  of  handwork  in  primary 
schools. 

It  has  been  directly  and  definitely  proved  that  this 
manual  teaching  must  not  be  confided  to  artisans  without 
any  knowledge  of  pedagogy,  therefore  it  goes  without  say- 
ing that  in  future  handwork  should  be  taught  in  all  normal 
schools,  and  no  appointment  of  teacher  made  to  any  school. 
unless  he  or  shelbe  duly  qualified  to  impart  this  knowledge. 
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When  manual  work  is  universally  taught  in  all  primary 
schools,  how  much  more  efficient  will  become  the  profes- 
sional and  apprenticeship  schools.  The  pupils  having 
already  gained  that  dexterity  so  requisite  to  all  handicrafts. 
Moreover,  the  habile  workman  will  be  made  in  less  time. 
He  will  be  as  clever  and  experienced  at  18  years  of  age  as 
otherwise  he  would  have  been  at  2 1 ;  thus  three  years  will 
have  been  saved,  and  allowing  a  man  able  to  work  at  his 
trade  thirty  years,  there  will  be  an  increase  of  one-third  in 
the  producing  power  of  the  state,  which,  in  a  money  value, 
would  more  than  compensate  the  government  for  any  sum 
it  might  expend  in  the  complete  organization  and  perfection 
of  a  thorough  system  of  technical  training. 

The  training  now  instituted  in  America,  Belgium,  Eng- 
land, France,  Germany,  Holland,  Russia,  Switzerland  and 
many  other  countries  is  chiefly  of  a  secondary  character, 
the  apprenticeship  and  professional  schools  are  exceedingly 
numerous  and  constantly  increasing.  Time  will  not  permit 
any  detailed  description  of  these  schools,  of  which,  perhaps, 
the  Ecole  Diderot,  of  the  Boulevard  la  Villette,  in  Paris,  is 
the  best  typical  form,  and  young  men  leaving  it  readily 
obtain  wages  of  from  four  to  seven  francs  a  day. 

The  opportunities  and  facilities  for  the  acquisition  of 
technical  knowledge  have  been  far  greater  in  France  than 
in  any  other  part  of  the  civilized  world.  In  France,  ever}' 
instruction  can  be  easily  obtained.  From  the  National 
School  of  the  Fine  Arts  to  the  rudimentary  class  at  the 
primary  school,  all  is  free,  and  throughout  the  whole  of  the 
country  there  are  departmental  schools,  both  in  the  day- 
time and  during  the  evening,  giving  instruction  gratuitously 
in  every  branch  of  art  and  design,  and,  as  I  have  mentioned 
before,  manual  training  is  compulsory.  This  explains  at 
once  the  reason  that  France  exports  millions,  nay,  hundreds 
of  millions,  of  value  in  commodities,  of  which  the  chief 
value  lies  in  the  labor  consumed  in  making  the  article,  and 
ever}-  nation  contributes  to  her  prosperity  in  purchasing 
these  commodities.  The  immense  sums  spent  bv  the 
French  government  in  providing  the  technical  instruction 
for  the  production  of  workmen  capable  of  this  class  of  work. 
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are   amply  compensated   by  the   wealth    obtained   through 
the  contributions  of  capital  by  the  entire  civilized  world. 

With  the  progress  and  development  of  a  nation,  there 
ever  follows  a  fiercer  and  fiercer  competition  in  mattei\s 
pertaining  to  labor.  It  therefore  follows  that  for  any  nation 
to  hold  its  own,  the  highest  technical  skill  will  be  necessary. 
To  obtain  this  skill  the  rising  generation  must  be  instructed, 
not  only  in  the  ordinary  subjects  of  education,  but  also  in 
the  use  of  simple  tools,  so  that  manual  dexterity  may  be 
obtained  at  the  earliest  possible  period.  The  education 
that  will  compass  this  must  necessarily  bring  about  another 
desideratum.  Children  who  have  been  taught  the  use  of 
tools  will  not  in  after  life  look  down  upon  those  who  labor 
with  their  hands.  They  will  have  been  taught  through  the 
equality  that  exists  in  the  school  and  as  bench-mates  in  the 
work  shop,  that  all  labor  is  honorable,  and  that  good  fellow- 
ship should  always  exist  between  them  as  fellowmen,  a  feel- 
ins;  which  cannot  but  conduce  to  the  general  diffusion  of 
happiness,  and  consequently  to  the  good  of  the  common- 
wealth. 


HARBOR  BAR  IMPROVEMENTS. 


By  L.  D'Auria. 


In  an  article  published  in  the  Franklin  Institute 
Journal  for  Jul}-,  1889,  under  the  above  head.  Prof. 
L.  M.  Haupt,  C.E.,  shows  in  a  very  brilliant  manner  the 
momentous  importance  of  removing  bars  which  are  formed 
by  the  forces  of  nature  at  the  entrances  of  harbors,  a  fact, 
which  has  always  been  recognized  by  commercial  nations, 
but  believed  by  Professor  Haupt  to  be  disregarded  by  the 
Government  of  the  United  States,  because  this  Government 
has  not  yet  adopted  his  plan  for  removing  such  bars. 

The  professor  wants  the  abolition  of  parallel  or  nearly 
parallel  jetties  as  means  to  improve  harbor  entrances,  and 
he  quotes  the  highest  English  authorities  on  the  subject. 
These  authorities  seem  to  discourage  such  jetties,  but,  as 
vet,  do  not  feel  competent  to  suggest  new  means ;  and  it  is 
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difficult  to  understand  why  they  have  not  yet  adopted  those 
proposed  by  Professor  Haupt,  as  set  forth  in  his  pamphlet, 
entitled :  The  Physical  Plicnonuiia  of  Harbor  Entrances.  Their 
Causes  and  Rentedies.  Results  of  Present  M'ethods  of  Improve- 
ment, which  was  crowned  by  the  American  Philosophical 
Society,  December  16,  1887,  with  the  award  of  the  Magellanic 
Premium. 

In  this  pamphlet,  right  on  the  first  page,  the  author 
says : 

"  Before  any  radical  or  permanent  improvement  can  be 
effected,  it  is  necessary  that  the  forces  operating  at  any 
point  should  be  fully  understood,  and,  so  far  as  possible,  be 
measured." 

Let  us  see  how  Professor  Haupt  understands  these 
forces,  and  whether  he  has  made  any  attempt  to  measure 
them. 

He  claims  (page  20,  above-quoted  pamphlet): 

"  The  enunciation  of  the  principle  that  the  cause  of  the 
angular  movement  of  the  ebb  stream  after  egress  is  due  to 
,the  general  form  of  the  exterior  coast  line,  which  causes  a 
racing  of  the  tidal  crests,  from  the  outer  capes  toward  the 
bight  of  the  bay,  and  that  the  flood  components  thus  generated 
are  the  principal  forces  which  build  the  bars  and  shift  the 
inlets.  This  incessant  semi-diurnal  action  of  the  flood  is 
the  eonirollimr  element  in  the  forces  affectinaf  the  magnitude 
and  position  of  the  bar.  Storms  and  winds  may  modify 
and  shift  the  deposits,  but  eventuall}-  the  flood  re-establishes 
the  original  conditions."     (The  italics  are  his.) 

As  the  crest  of  a  tidal  wave  moves  by  propagation,  the 
racing  of  the  tidal  crests,  from  the  outer  capes  toi^'ards  the  bight 
of  the  bay,  cannot  mean  anything  else  but  the  propagation 
of  two  tidal  waves  in  such  directions.  In  fact  they  must  be 
the  waves  which  produce  what,  on  page  7,  he  calls  flood 
resultants. 

On  page  8,  he  says: 

"  It  now  remains  to  determine  why  this  resultant  should 
be  sometimes  from  the  northeast,  and  at  other  times  from 
the  .southeast.  This  leads  at  once  to  an  examination  of  the 
phenomena  attending  the  approach  of  the  tidal  wave  and 
Whole  No.  Vol.  CXXVIIL— (Third  Series,  Vol.  xcviii.)  15 
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the  position  of  the  cotidal  lines  with  reference  to  the  coast 
line.  For  this  purpose  there  are  available  the  general 
cotidal  maps  of  Professor  Guyot,  and  the  more  detailed  maps 
of  Professor  Bache,  accompanied  by  the  tide  tables  of  the 
Atlantic  coast,  as  contained  in  the  United  States  Coast 
Survey  Report.  Meagre  as  these  data  are,  they  are  yet 
sufficiently  abundant  to  confirm  the  existence  of  the  alleged 
resultant  movements,  and  to  verify  in  the  most  satisfactory 
manner  the  reliability  of  this  method  of  determining  the 
forces  by  their  effects." 

This  is  certainly  a  very  startling  conclusion  reached  from 
■ilie  position  of  the  eotidal  lines  i^'it/i  reference  to  the  eoast  line,  for 
Professor  Bache  himself  in  commenting  about  such  lines, 
says : 

"The  chart  shows  how  simple  the  system  of  cotidal  lines 
is  in  the  three  bays  running  nearly  parallel  to  the  shores  " 
( Coast  Snrvcy  Rep.,  1857,  p.  346).  In  other  words,  we  know  that 
the  tidal  wave  is  propagated  in  a  direction  normal  to  the 
•coast  line  and  not  parallel  to  it,  as  Professor  Haupt  con- 
cludes. But  the  professor  in  a  correspondence  on  the  sub- 
ject says: 

"■This  crest  line  cannot  be  supposed  tohavesuflicient  pre- 
science to  advance  or  retard  itself  at  a  considerable  dis- 
tance from  shore,  preparatory  to  rolling  up  on  the  beach 
normally." 

Does  he  understand  the  meaning  of  the  cotidal  lines?  It 
seems  not;  and  yet  Professor  Bache  says:  "How  simple  the 
system  of  cotidal  lines  is."  If  Professor  Bache  is  that 
.authority  on  the  subject  of  tides,  which  scientists  and 
investigators  consider  him  to  be,  certainly  Professor  Haupt 
needs  schooling  on  this  subject.  The  evidences  are  that 
Professor  Haupt  has  an  altogether  erroneous  idea  of  the 
tidal  wave,  for  in  the  above  quoted  correspondence  speaking 
of  the  tidal  wave  he  says: 

"It  meets  an  obstruction,  its  oscillations  are  restricted  by 
the  shelving  beach,  the  wave  is  tripped  and  broken,  and  the 
surf  churns  tip  the  sand." 

Here  Professor  Haupt  degrades  the  tidal  xcave  to  the 
r  mk  of  a  simple  breaker.     Then  he  goes  on  to  say : 
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"  If  the  wave  break.s  normally  the  .sand  i.s  merely  rolled 
lip  and  down  the  .scarp  of  the  beach,  but  if  obliquely  it  is 
turned  over  and  carried  to  a  more  remote  part  of  the  shore. 
The  action  is  similar  to  that  of  an  atiger." 

Here  Professor  Haupt  evidently  repudiates  his  idea, 
originallv  stated,  of  a  littoral  inovcmcnt  of-u'atcr  in  the  direction 
<jf  the  shores.  He  no  longer  doubts  the  prrsciciicc  exhibited 
by  the  tidal  wave  in  preparing  itself  to  roll  normally  upon 
the  shore :  he  has  been  made  to  understand  differently  the 
forces  which,  he  says,  should  be  fully  understood  before  aiiv 
radieal  or  permanent  improvement  can  be  effected ;  all  this  in  the 
hope  that  the  tidal  wave  will  be  capable  of  rolling  sand  up 
and  down  the  beach  in  a  zig-zag  manner. 

In  the  light  of  the  foregoing  criticisms,  it  is  difficult  to 
appreciate  wherein  Professor  Haupt  is  entitled  to  "  the  merit 
i>f  having  not  only  clearly  perceived  and  distinctly  enunciated  the 
laws  concerned  as  the  basis  of  his  argument,  but  also  to  that  of  prof- 
fering, in  connection  with  the  statement  of  those  laws,  an  invention 
contributive  to  the  interests  of  navigation"  etc.  (see  Report  of  Coin- 
iiiittee,  American  Philosophical  Society). 

However,  as  the  professor  tells  us  that  the  forces  operating 
at  any  point  should  be  fully  understood,  and,  so  far  as  possible,  be 
measured,  we  thought  to  measure  them  for  him,  having 
already  assisted  him  in  understanding  them  through  a  cor- 
respondence deposited  with  the  Secretary  of  the  Fraxki.ix 
In'stitute  already  cited  above,  and  which  is  accessible  to 
the  reader  on  application. 

The  method  employed  f()r  such  measurement  is  as 
follows : 

Asstiming  a  rise  and  fall  of  tide  of  four  feet,  the  mean 
velocity  of  the  flood  current  in  a  direction  nearly  normal  to 
the  shore,  at  say  100  feet  from  it,  would,  in  ten  feet  mean 
depth  of  water,  be  100X4-^10  =  40  feet  in  about  six- 
hours  :  or  nearly  se.ven  feet  per  hour.  Make  it  ten  feet  per 
hour.  Then,  since  it  is  known  that  it  takes  a  mean  velocitv 
of  one-half  mile,  or  about  2.500  feet  per  hour  to  just  raise 
sand  from  the  bottom  (see  Trau twine,  edition  of  1885,  p. 
270),  and  according  to  Professor  Haupt's  own  statement  the 
transporting  power  is  proportional  to  the  sixth  power  of  the 
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velocity,  a  mean  velocity  of  ten  feet  per  liovu"  would  possess 
a  transporting;  power  equal  to  2T4.(rTrTr,i5-iJo.ffTro.T7u(r  of  that 
required  to  begin  the  transportation  of  sand. 

When  such  utter  impotency  of  the  flood  tide  to  build 
bars  was  shown  to  the  professor,  we  expected  that  he  wovild 
become  converted  to  the  fact  that  only  wind  waves  or 
breakers  can  do  such  work.  But  no,  he  sprang  up  from 
this,  and  in  his  bewilderment  he  appealed  for  help  to  the 
keepers  of  life-saving  stations  through  the  Hydrographie 
Office ;  trying  to  establish,  no  more  the  auger-like  action  of 
the  tide  which  he  thought  to  have  discovered,  but  an  actual 
littoral  current  produced  by  the  tide,  of  such  power  as  to 
drag  ships  on  the  bottom  of  the  ocean  I  Like  a  modern 
Faust,  he  seems  to  have  cursed  science  and  given  himself  to 
the  ivorld.  We  see  him  again  in  his  last  article.  Harbor 
Bar  Iinpnn'cincuts,  upbraiding  tlic  people  of  the  State  of  Texas 
for  appealuig  urgently  for  the  rapid  eouipletiou  of  the  projeet  at 
Galveston  Bay,  which,  according  to  his  ideas,  ifill  violate  the 
fundamental  requirements  of  the  greatest  freedovi  of  influx  ta 
the  flood  tide  that  there  may  be  a  full  prism  for  ebb  scour.  Evi- 
dently Professor  Haupt  has  yet  to  learn  the  relation  existing 
between  flood  and  ebb  at  the  entrance  of  a  tidal  basin  as 
that  of  Galveston  Bay,  and  the  people  of  the  State  of  Texa; 
may  well  be  congratulated  for  not  sharing  the  professor 
views. 

Let  /(„  represent  the  average  depth  of  the  entrance  t"  a 
large  tidal  basin  at  mid-tide ;  .t,  the  height  of  tide  above  /i„ 
at  any  instant  of  time ;  y,  the  corresponding  mean  width  of 
the  entrance  at  such  time  ;  and  /;,  the  acceleration  of  gravity. 
Then  the  cross-section  at  any  time  will  be 

^^  =  II  i/'n  +  x)  =  uK  +  y  X ; 

and  the  mean  velocity  through  this  cross-section  can  '  c 
computed  by  considering  the  water  in  the  first  part,  y  h„  lo 
remain  stagnant,  while  the  water  in  the  second  part,  y  x, 
moves  with  the  velocity  of  propagation  of  the  wave  which 
is  known  to  be  expressed  by  ^gH,  in  which  H  represents 
the  mean  depfh  at  high  water  for  the  whole  basin. 
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Then  the  mean  velocity  through  the  whole  cross-section 
a  will  be  : 

[I  (/(„  M   -f-   .1-) 

■  -;imply 

U  = ^ 

/(„  -f  .r  ■ 

This  formula  shows  very  clearly  that  the  mean  velocity- 
through  the  entrance  of  a  large  tidal  basin  is  independent 
the  width.     It  shows  also  that  at  high  water  the  velocity 
-  a  maximum,  and  at  mid-tide  it  becomes  zero, which  accords 
•j-rv  well  with  observations  taken  at  the  entrance  of  large 
:  lal  basins  during  flood  tide.     When  r  becomes  negative, 
we  have  the  mean  velocity  of  the  ebb  current,  which  is  also 
zero  at  mid-tide,  and  a  maximum  at  low  tide. 

Applying  our  formula    to    the    case   of  Galveston   Baj', 
Te.xas,  it  can  be  seen  that  the  jettied  channel  will,  in  ordi- 
nary circumstances,    be    scoured    with    at   least    the    same 
Velocity  as  now  exists    through   the  entrance  to  such  bay, 
though  the  tidal  volume  is  diminished  considerably. 
We  cannot  see,  therefore,  any  violation  of  tlu  fundamental 
^uircnciits  of  the  greatest  freedom  of  influx  to  the  flood  tide 
it  there  may  be  a  full  prism  for  the  ebb  scour,  in  the  case  of 
c  project  of  Galveston  Bay,  so  severely  criticized  by  Pro- 
-sor  Haupt,  and  we  once  more  congratulate  the  people  of 
c  State  of  Texas  for  urging  the  completion  of  such  jjroject. 
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On   CHENOWETH'S   ELECTRIC   CONDUITS. 


\lieport  of  the  Conunittce  on   Science  and  the  Arts.'\ 


[No.  1419.]  Hall  of  the  Franklin  Institute, 

Philadelphia,  April  29,  1889. 

The  Sub-Committee  of  the  Committee  on  Science  and  the 
Arts,  constituted  by  the  Franklin  In.stitute  of  the  State 
of  Pennsylvania,  to  whom  was  referred  for  examination, 

THE  chenc)\v?;th  electric  conduits. 

Report  tliat :  The  invention  belongs  to  that  class  of  con- 
duits in  which  the  material  of  the  conduit  is  packed  while 
in  a  plastic  condition,  around  one  or  more  cylindrical  cores, 
which  are  removed  after  the  plastic  material  has  hardened. 
The  essential  part  of  the  invention  is  the  nature  of  this 
removable  core,  which  enables  it  to  be  withdrawn  in  long- 
lengths.  This  core  consists  of  a  ribbon  of  galvanized  iron, 
one  inch  wide  and  of  a  thickness  equal  to  No.  37  gauge, 
which  is  wound  spirally,  forming  a  tube.  This  spiral  tube 
is  rendered  rigid,  either  by  being  wound  around  a  split 
wooden  core,  or  by  having  paper  glued  around  the  outside. 
The  plastic  material  is  packed  around  these  tubes  and  after 
it  has  set  the  tube  is  removed  by  pulling  out  this  spiral 
band.  When  paper  has  been  used  to  hold  the  spiral  together, 
it  readily  tears,  allowing  the  band  to  be  removed,  \^'he" 
wooden  cores  have  been  used,  the^•  are  first  withdrawn,  after 
which  the  spiral  band  is  readily  pulled  out. 

Among  the  details  of  the  system  are  the  following: 
When  paper  is  used  to  unite  the  spiral  into  a  rigid  tulie. 
the  ribbon  is  first  wound  spirally  on  a  mandrel,  then  covered 
with  paper,  which  is  glued  fast  to  the  outside  of  this  spiral, 
and  the  whole  covered  with  a  water-proof  varnish.  The 
mandrel  is  then  removed,  leaving  a  thin  tube,  which  appears 
to  be  quite  rigid  and  capable  of  withstanding  the  pressure 
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due  to  the  packing  of  the  plastic  cement  of  the  conduit 
around  it.  These  are  laid  in  lengths  and  held  in  position 
while  the  cement  for  the  conduit  is  packed  around  them. 
The  ends  of  the  one  spiral  ribbon  are  fastened  to  the  begin- 
ning of  the  next,  by  a  swivel  joint.  After  a  few  days,  when 
the  cement  has  hardened,  the  spiral  ribbon  is  pulled  out  at 
one  of  the  manholes,  tearing  and  thus  removing  the  paper 
around  it.  It  is  claimed  that  long  lengths  of  this  spiral 
tube  can  be  thus  removed.  a 

When  this  spiral  tube  is  wound  over  a  wooden  core,  this 
core  is  made  in  two  semi-cylindrical  halves,  separated  by  a 
thin  iron  strip.  The  outside  is  painted  with  a  mixture  of 
clay,  powdered  soapstone  and  water.  These  are  laid  in 
lengths  of  fourteen  to  twenty  feet,  and  after  the  cement  is 
packed  around  them  the  wooden  cores  are  withdrawn,  after 
pulling  out  the  strip  of  iron  separating  them.  This  leaves 
the  spiral  tube,  which  remains  until  the  cement  has 
hardened  and  is  then  withdrawn  in  long  lengths. 

The  inventor  claims  that  continuous  lengths  of  400  feet 
of  spiral  tube  can  thus  be  withdrawn.  For  removing  this 
ribbon,  the  inventor  states  that  he  has  a  peculiarly  con- 
structed reel,  by  means  of  which  the  ribbon  can  be  pulled 
out,  wound  up  and  untwisted  in  one  operation. 

For  the  material  used  for  the  conduits,  the  inventor  pre- 
fers a  mixture  of  one  part  of  hydraulic  cement  and  two 
parts  of  sand.  The  costs  are  given  by  the  inventor  as  fol- 
lows : 

"  The  cost  of  constructing  ducts  by  this  method  is 
narrowed  down  to  the  winding  of  the  ribbon  on  the  man- 
drel, the  labor  of  removing  the  mandrels  in  the  trench,  of 
removing  the  ribbon  from  the  duct  and  rewinding  the 
ribbon  on  the  bobbins.  And  as  each  part  of  the  core  is 
preserved  and  used  an  indefinite  number  of  times,  the  cost 
of  the  core  is  charged  to  the  cost  of  the  plant.  The  wind- 
ing of  the  ribbon  is  done  on  the  spot  as  fast  as  wanted. 
The  cost  of  drawing  out  the  ribbon  and  rewinding  on 
bobbins,  using  an  ingenious  device  that  removes  all  twists, 
is  about  one  mill  per  foot.  A  duct,  four  inches  in  diameter, 
made  of  concrete,  in  the  proportion  of  one  of  cement  to  two 
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of  sand,  can  be  made  for  six  cents  per  foot,  including;  entire 
cost,  exclusive  of  excavation,  manholes  and  openings," 

The  inventor  claims  that  the  advantages  of  the  paper- 
covered  tube  is  convenience,  the  cost  being  about  the  same. 

The  inventor  gives  the  following  comparative  costs  of 
materials  for  three  forms  of  conduits.  The  estimate  is  for 
a  conduit  of  four  ducts,  four  inches  in  diameter,  one  foot 
long.  For  creosoted  wood,  six  cents  per  foot  per  duct ;  for 
iron  pipe,  enc^ed  in  concrete,  eighteen  cents  per  foot  per 
duct ;  for  his  conduit,  three  cents  per  foot  per  duct.  This 
does  not  include  excavation,  which  is  about  the  same  for 
all.  '  It  does  not  include  the  cost  of  handling  his  removable 
core. 

Your  committee  have  examined  samples  of  these  remov- 
able cores,  and  portions  of  conduits  made  in  this  way,  and 
are  of  the  opinion  that  the  invention  is  simple,  ingenious, 
effective  and  inexpensive.  Furthermore,  an  invention  of  an 
efficient  removable  core  enables  monolithic  conduits  to  be 
made  of  hvdraulic  cement,  whose  properties  are  already 
well  known.  Unlike  creosoted  wood,  it  contains  no  sub- 
stances which  are  likely  to  attack  chemically  the  insulation 
or  the  lead  armor  of  cables,  and  unlike  iron  it  does  not 
corrode.  The  results,  therefore,  which  can  be  accomplished 
bv  means  of  this  removable  core,  arc  unquestionably  of 
value. 

Your  committee  recommend  the  award  of  the  J(_)HN 
Scott  Leg.\cy  Pre.mium  and  Medai.  to  Alexander  Craw- 
ford Chenoweth,  for  his  improved  method  of  laying  con- 
tinuous electrical  conduits. 

[Signed]  Carl  Hering, 

Chairman   Sub-Coimiiittcc. 

Richard  \V.  Gii.i'ix, 
Charles  H.  Richardson, 
G.  Bettox  Massev. 
Adopted,  June  j,  i^^Sg. 

[Signed]  S.  Llovd  Wiegand, 

Chairuian  of  the  Committee  on  Science  and  the  Arts. 
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The    substitution    ok    GELATINE    ix    PLACE   of 
COLLODION  FOR  PHOTOGRAPHY. 


\R.cport  of  the   Committee  on   Science  and  the  Arts.~\ 


X'l.    1451.]  H.VI.L  OF  THE    FH.VXKLIN    INSTITUTE, 

Phil.a.I)EEPHI.\,  April  18,  1889. 
The  Sub-Committee  of  the  Committee  on  Science  and  the 
Arts,  constittited  by  the  Fraxklix  IXSTITUTE  of  the  State 
of  Pennsylvania,  to  whom  was  referred,  for  examination, 

:.4E    SUBSTITUTION'    OF    GEL.ATINE     IN     PL.\CE     OF    COLLODION 

FOR      PHOTOGRAPHY,     AS      INVENTED     BV     DR.     RICHARD 

l.EACH      MADDOX,     AND     FREEI.V     >LVDE      KXOWX      BV 

HIM    IN  THE    PAGES  OF  THE  British   Journal   of 

Photography,  SEPTEMBER    8,   1871, 

Report  that :    They  have  carefully  considered  the  subject 
::d  examined  into  the  merits  of  the  invention  claimed  by 
I  ir.  Maddox.     They  find    that   although  gelatine  had  been 
L-:nployed     photographically    in    a    variety    of     ways,    and 
.'though   silver  haloid   salts  had  been  emulsified   success- 
.;]ly  with   collodion  in  photographic  practice,  prior  to  the 
publication  by  Dr.  ^laddox  of  his  gelatino-bromide  process, 
nevertheless  the  successful  emulsification  by  him  of   silver 
Hloids  with  gelatine  and  the  perfecting  of  a  working  pro- 
cess, founded  upon  it,  involved  so  much  painstaking  experi- 
mentation and  investigation  and  was  such  a  departure  from 
- 1  methods  that  it  merits  recognition   on  account  of   its 
.arked   influence  on   the  progress  of  photographv,  on  the 
:largement  of   its  practice,  and  the  multiplication   of   its 
..plications  in  technical  and  purely  scientific  directions. 

The  process,  though  aiTording  negatives  of  good  quality, 

■.v:.s  soon  improved  in  regard  to  the  quality  and   sensitive- 

-•^s  of  the  plates  by  different  individuals,  by  the  removal 

■  the  soluble  salts,  by  heating  to  higher  temperatures,  by 

"olonged  digestion,  by  the  adoption  of  ammonia  and  bv 

anges  in  minor  details. 
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In  consideration  therefore  of  the  novelty  of  the  process 
and  of  its  value,  and  of  the  publication  of  it  withoiit  any 
reservation  of  rights,  your  committee  recommend  the  award 
of  the  John  Scott  Legacy  Premium  and  Medal  to  Dr. 
Richard  Leach  Maddox,  for  the  substitution  of  gelatine  for 
collodion  in  photography  as  accomplished  by  him. 
[Signed]  Charles  F.  Himes, 

Chair^nan  Sub-Comniittee. 

John  C.  Browne, 
John  Carbutt, 
Samuel  Sartain, 
Jno.  G.  Bullock, 
F.  E.  Ives. 
Adopted,  May  /,   iS8c). 

[Signed]  S.  Llovd  Wiegand, 


Chairman  of  the  Committee  on  Science  and  the  Arts 


[Extract  from  the  British  Journal  of  Photography,  September  8,  1871.] 

•  "Originally  thirty  grains  of  gelatine  were  swelled  in  coh: 
water,  then  dissolved  by  heat,  four  drams  of  pure  water  anc 
two  drops  of  aqua  regia  being  added.  To  this  solution 
eight  grains  of  cadmium  bromide  and  fifteen  grains  of  silver 
nitrate  were  added,  forming  a  fine  milky  emulsion  of  silver 
bromide.  Without  further  treatment  this  was  spread  upon 
glass  plates  and  dried.  The  plates  were  tested  by  exposin;..," 
them  beneath  negatives  and  gave  a  faint  but  clear  image 
when  developed  with  a  plain  solution  of  pyrogallic  acid ; 
intensification  with  pyro  and  nitrate  of  silver  followe''. 
*  *  *  So  far  as  can  be  judged,  the  process  seems  wort'.i 
more  carefully  conducted  experiments,  and  if  found  advan- 
tageous, adds  another  handle  to  the  photographer's  wheel." 


■ 
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NOTES  AND  COMMENTS. 


CHEMISTRY. 

Canaigre.  By  Henry  Trimble. — The  following  account  of  a  tanning^ 
material,  which  has  several  times  in  the  past  few  years  been  mentioned  as 
new,  or  as  a  possibility  for  the  tanner,  is  undertaken  with  a  view  of  relating 
what  has  been  done  toward  developing  this  source,  and  at  the  same  time 
calling  attention  to  the  fact  that,  if  we  encourage  home  production,  we  have 
in  canaigre  a  material  which  gives  promise  of  superseding  the  uncertain  and 
much  adulterated  gambier. 

Canaigre  is  found  in  large  quantity  in  the  sandy  soil  on  both  sides  of  the 
Rio  Grande  and  northward  over  a  large  portion  of  Western  Texas  and  New 
Mexico. 

.Its  history  is  briefly  as  follows:  It  is  said  to  have  been  used  in  tanning 
by  the  Mexicans  for  over  two  centuries.  Our  first  information,  however, 
dates  from  July  9,  1868,  when  a  package  of  these  roots  was  forwarded  for 
Mr.  John  James,  of  San  Antonio,  Tex.,  to  the  Agricultural  Department  at 
Washington,  together  with  a  letter  stating  that  Mr.  F.  Kalteyer,  chemist,  in 
San  Antonio,  had  found  them  to  contain  thirty-two  per  cent,  of  tannin. 

This  sample  was  mislaid  or  overlooked  until  187S,  when  it  was  reported 
on  by  the  chemist.*  This  same  sample  was  then  found  to  yield  23"45  per 
cent,  of  tannin.  A  fresh  sample  was  also  procured  and  the  tannin  estimated 
in  the  still  fre?h  root  with  almost  identical  result,  after  making  due  allowance 
for  difference  in  moisture.  The  other  constituents  reported  at  that  time  need 
not  claim  our  attention  at  present,  further  than  to  notice  a  considerable 
quantity  of  starch,  1800  per  cent. 

Previous  to  this  publication  by  the  Government,  Mr.  Rudolph  \'oelcker, 
of  Galveston,  Tex.,  published  f  an  analysis  of  roots  gathered  in  July,  1S74. 
He  found  23"i6  per  cent,  tannin,  and  proved  the  presence  of  chrysophanic 
acid  and  aporetin.  He  was  not  aware  of  the  botanical  origin  of  the  plant, 
but  supposed  it  to  belong  to  the  natural  order  Polygonace^e.  In  1879,  Mr. 
Wm.  Saunders  j:  in  his  report  on  canaigre  stated  it  was  the  Rtitne.x  hyinenose- 
palmn  of  Torrey,  and  furnished  a  lithographic  plate  of  the  plant  in  bloom. 

At  the  New  Orleans  Exposition,  1885-86,  m  one  corner  of  the  section, 
devoted  to  products  from  New  Mexico,  were  some  of  these  roots,  above 
which  was  the  inscription,  "  A  new  tanning  material." 

It  will  be  shown  later  that  this  exhibit,  insignificant  as  it  appeared, 
attracted  the  attention  of  at  least  one  person. 

In  1886^  a  sample  of  roots  sent  to  me  from  San  Antonio,  Tex.,  under  the 
name  of  "  Indian  Root,"  was  analyzed  and  the  results  published  under  the 

*  Report  of  the  Commissioner  of  Agriculture,  1878,  p.  119. 

t  An  analysis  of  Raiz  del  Indio.     American  Journal  of  Pharmacy,  1876,  p    49. 

\  Report  of  the  Commissioner  of  Agricuhure,  1S79,  P-  3^4. 

g  An  analysis  of  y<nj///t7cAwyiF//</rt.    American  Journal  0/  Pharmacy,  xii^,  p.  113. 
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common  name  of  "  Verba  del  Indio,"  from  the  impression  it  was  the 
Aristilochia  fa'tida  of  the  Mexican  Pharmacopoeia.  This  impression,  how- 
ever, was  corrected  by  Prof.  J.  M.  Maisch  in  the  same  issue,  page  115.  He 
suggested,  and  it  has  since  been  found  to  be  correct,  that  this  "  Raiz  del 
Indio  "  was  the  canaigre  root. 

That  analysis  fixed  the  amount  of  tannin  at  If66  per  cent.,  but  it  was 
found  that  the  root,  which  was  not  analyzed  as  soon  as  received,  had 
commenced  to  decay  and  later  it  was  completely  riddled  by  insects.  In  this 
respect  my  experience  dilTered  from  that  of  the  Government  chemist,  who 
found  no  change  after  ten  years. 

Soon  after  the  New  Orleans  Exposition,  samples  of  two  or  three  hundred 
pounds  were  sent  to  Chicago  for  experiments  in  a  number  of  tanneries  there. 
Mr.  E.  C.  Denig,  of  that  city,  has  devoted  much  time  since  then  to  studying 
this  material,  from  its  source  in  Texas  to  its  application  in  the  tanning  of 
hides. 

Canaigre  consists  of  heavy  globular  and  fusiform  pieces,  from  two  to  six 
inches  long  and  one  to  three  inches  in  diameter.  Externally  it  is  of  a  daYk 
reddish-brown  color,  becoming,  by  age,  almost  black  ;  internally  it  is  from  a 
bright  to  a  brownish-yellow,  according  to  age  and  amount  of  exposure  to  the 
atmosphere.  When  collected,  the  roots  consist  of  clusters,  resembling  sweet 
potatoes.  They  are  found  near  the  surface  or  sometimes  on  top  the  ground, 
are  rapidly  dried  and  at  a  certain  stage  cut  into  small  pieces.  If  allowed  to 
get  very  dry,  they  become  so  hard  as  to  resist  any  ordinary  method  of  cutting. 

From  samples  of  the  whole  and  chipped  root,  kindly  furnished  me  by  Mr. 
Denig,  I  have  found  I7'33  per  cent,  of  tannin.  This  figure  is  rather  lower 
than  that  obtained  by  other  investigators,  but  the  deficiency  may  be  explained 
by  my  sample  containing  more  moisture.  Dr.  H.  E.  Shucke*  has  found  a 
total  of  28'57  per  cent,  tannin. 

The  ground  root  is  at  present  used  in  a  number  of  tanneries,  and  has 
been  found  more  closely  to  resemble  gambler  in  its  action  than  any  other 
tanning  material.  An  extract  has  also  been  prepared  and  used,  which  con- 
tains from  forty  to  sixty  per  cent,  tannin,  and,  it  is  thought,  that  in  this  form 
it  will  probably  replace  gambler. 

Should  the  hopes  and  efforts  of  those  who  are  engaged  in  the  develop- 
ment of  this  material  be  realized,  we  will  have  a  source  of  tannin  which  is 
said  to  be  inexhaustible,  and  which  will  be  the  means  either  of  bringing  a 
better  gambler  into  the  market,  or  of  driving  it  entirely  out  of  use  here.  It  is 
said  that  the  dried  and  ground  root  can  be  delivered  in  any  part  of  the  United 
States  at  a  price  not  exceeding  three  cents  per  pound.  Thus,  after  a  delay  of 
twenty  years,  this  root  has  reached  that  stage  of  practical  application  when 
a  useful  future  may  be  predicted  for  it,  and  the  persistent  efforts  of  the  past 
four  years  have  every  prospect  of  being  rewarded.  The  presence  of  so 
much  starch  in  a  tanning  material  is,  perhaps,  without  precedent,  and  there 
are  good  reasons  why  this  is  no  disadvantage. 

The  properties  of  the  pure  tannin  have  not  been  investigated,  and  it  is 

*  shoe  and  Liatker  Re^orter^  Oct.  27,  1887,  p.  863. 
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not  known  whether  canaigre  red  or  galhc  acid  is  the  product  of  its  decom- 
position. Crystals  have  been  obtained  by  agitating  an  aqueous  extract  of  the 
root  with  ether,  which  do  not  resemble  either  gallic  acid  or  catechin.  This 
crystalline  compound  and  the  pure  tannin  are  under  investigation  by  me  at 
the  present  time. 
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National  Electric  Light  Association.     Bulletin  No.  I.     1889. 

Proceedings  at  its  First  to  Eighth  Conventions. 

From  Allan  V.  Garratt,  Secretarv. 
Newberry  Library.     Proceedings  of  the  Trustees  for  1888. 

From  the  Trustees. 
Newton,  Mass.  Auditor's  Annual  Report  for  1888.  From  the  City  Clerii. 
New  York  Institute  for  Artist  Artisans.     First  Annual  Report. 

From  the  Institute. 
New  Zealand  Institute.     Transactions  and  Proceedings,  i888.     Vol.  2\. 

From  the  Director. 
Ohio  Agricultural  E.\periment  Station.     Si.xth  Annual  Report  for  1887. 

From  the  Station. 
Ohio  Agricultural  E.\periment  Station,  Bulletin,  Vol.  2,  No.  2. 

From  the  Station, 
Peabody  Institute.     Baltimore.     Twenty-second  Annual  Report. 

From  the  Institute. 
Pennsylvania.     Annual    Report  of  the  Secretary  of   Internal    Affairs,   iStiS. 

Parts  I  and  2.  From  the  Secretary. 

Pennsylvania  Hospital.     Report  of  the  Board  of  .Managers.      i88g. 

From  the  Board. 
Pennsylvania    Second    Geological    Survey.      Catalogue   of  the   Geological 
Museum.     Northern  .'Xnthracite  Field  Atias.     Parts  3  and  4.     .Atlas  to 
Reports  H.  H.,  and  H.  H.  H. 

From  the  Secretary  of  the  Board  of  Commissioners  Geological  Survey 
of  Pennsylvania. 
Pennsylvania  State  Board  of  Health.      Health  Bulletins  issued  at  Johnstown, 

Pa.  From  the  Board. 

Philadelphia.     Thirty-fifth  .Annual  Repoit  of  the  City  Controller. 

From   Robert  P.  Dechert,  City  Controller. 
Popular  Science  News.     \'ol.  22.     (Si.x  numbers.)  From  A.  Hosbach. 

Price  Cook  Book.  From  Price  Baking  Powder  Company. 

Regia  Accademia  delle  Scienze  dell'  Istituto  di  Bologna.     Memorie.     Serie  4. 
Tomo  8. 
Note  sur  les  derniers  progrcs  de  la  question  de  I'unification 
du  calendner.  From  the  Academy. 

Regia  Accademia  delle  Scienze   di  Torino.     -Atti.     \'ol.  23. 

From  the  Academy. 
Rensselaer  Society  of  I--ngineers.     Selected  Papers.     Vol.  2,  No.  2.,  1889. 

From  the  Society. 
Rochester  Machine  Tool  Works.     Catalogue  of  the  Acme  Automatic  Safety 

Engine.  From  the  Works. 

Roscoe,  Sir  Henry.     Aluminium.  From  H.  Y.  Castner, 

Royal  Cornwall  Pohtechnic  Society.     Fifty-Si.xth  Annual  Report. 

From  the  Society. 

Scientific  American.     .March  2,  1889.  From  A.  Hosbach. 

,    March  9  to  June  i,  iSSv-      From  Spencer  Fullerton. 
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Hall  of  the  Franklin  Institute. 

Philadelphia,  July  31 ,  1SS9. 
temperature. 

The  mean  temperature  for  July,  1S89,  was  7i°'2,  which  is  about  one 
degree  below  the  normal,  and  two  degrees  above  the  corresponding  month 
of  last  year.  The  greatest  departures  were  in  the  eastern  border  counties. 
The  mean  of  the  maximum  temperatures  was  8l°3;  and  the  mean  of  the 
minimum  61°  8.  The  highest  temperatures  reported  were  Charlesville,  96°  ; 
HoUidaysburg,  95°;  Greenville,  95°;  Phillipsburg,  94° ;  Coatesville,  94°; 
Grampian  Hills,  94°  ;  Bethlehem,  94°  ;  New  Bloomfield,  94°,  and  Philadelphia, 
94°.  These  occurred  on  the  9th  and  loth.  The  lowest  temperatures  were 
Coudersport,  39°  ;  New  Bloomfield,  40° ;  Wellsboro,  42°  ;  Columbus,  42°,  and 
Dyberry,  42°. 


July  is  the  warmest  month  of  the  year,  being  two  degrees  warmer  than 
August,  and  four  or  five  degrees  warmerthan  June.  The  mean  of  the  three 
summer  months  is  two  degrees  less  than  July. 

ISOTHERMAL  LINES  FOR  JULY. 

Lines  representing  places  having  the  same  normal  temperature  are  very 
difficult  to  trace  over  the  mountain  ranges  and  deep  valleys  of  Pennsylvania. 
Observations  are  usually  taken  at  towns  in  the  river  valleys,  and  such  deep 
depressions  have  a  temperature  two  degrees  higher  than  that  of  the  country 
back  of  them.  In  preparing  the  accompanying  chart  an  a'lowance  of  about 
one  degree  was  made  for  such  excess.  This  will  explain  the  lines  passing 
through  the  northern  counties,  particularly  at  places  where  somewhat  higher 
summer  mean  temperatures  are  recorded.  In  the  broader  valley  of  the 
Susquehanna,  the  lines  may  properly  be  carried  sharply  along  the  valley 
itself. 

ATMOSPHERIC    PRESSURE. 

The  barometer  averaged  slightly  above  the  normal.  The  highest  pressure 
occurred  on  the  6.th  and  7th,  and  the  lowest  on  the  igth,  20th,  and  23d. 

PRECIPITATION. 

The  rainfall  for  July  averaged  6'8o  inches  for  the  state,  which  is  an 
excess  of  from  two  to  three  inches. 

The  month  was  very  humid  and  tropical  in  character.  Rains  were  fre- 
quent and  varied  from  light  to  torrential  over  areas  little  distant  from  each 
other.  In  many  places  heavy  downpours  occurred,  which  were  disastrous, 
and  entirely  local  in  character.  On  the  30th  and  31st  very  heavy  rains 
occurred  over  the  eastern  part  of  the  state,  which  caused  heavy  floods. 
The  Schuylkill  was  reported  the  highest  since  the  flood  of  1869.  Its  banks 
were, overflowed,  and  it  is  estimated  that  at  one  time  ten  feet  of  water  were 
over  Fairmount  dam.  The  largest  totals  in  inches  for  the  month  were: 
Landsdale,  I5'02;  Ottsville,  I3"I9;  Coatesville,  I2'93;  Frederick,  12-69; 
Pottstown,  i2'5o;  West  Chester,  i2'49  ;  Smith's  Corner,  i2'3o;  Point  Pleas- 
ant, i2'30.  The  smallest  were  Greenville,  104;  Erie,  i"68,  and  Columbus, 
2'oo.  The  excess  of  rainfall  extended  into  New  Jersey,  Eastern  New  York, 
and  Connecticut ;  also,  Delaware  and  Maryland. 

WIND    AND   WEATHER. 

The  prevailing  wind  was  from  the  west  ;  no  severe  gales  occurred.  In 
some  sections  large  portions  of  the  hay  crop  were  badly  damaged  during  the 
harvest  season  by  unfavorable  weather.  Some  wheat  was  injured,  and  har- 
vesting was  generally  delayed  by  frequent  rains.  The  season  has  been 
favorable  for  the  growth  of  all  vegetation. 

MISCELLANEOUS    PHENOMENA. 

Thimder-storms. — Charlesville,  3d,  loth,  13th,  19th;  Reading,  9th,  loth, 
13th,  30th;  Hollidaysburg,  2d,  13th,  19th,  29th  ;  Forks  of  Neshaminy,  nth  ; 
Ouakertown,  ist,  2d,  loth,  13th,  15th,  29th,  30th,  31st;    Emporium,    3d,  9th, 
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13th,  14th,  30th;  State  College,  ist,  2d,  3d,  13th,  14th,  30th;  West  Chester, 
4th,  9th,  loth,  nth,  13th,  15th,  29th,  30th  ;  Coalesville,  ist,  4th,  loth,  nth, 
13th,  15th,  29th,  30th,  31st;  Rimersburg,  ist,  3d,  loth,  12th,  13th,  19th,  23d; 
Swarthmore,  nth,  13th,  15th;  Uniontown,  1st,  2d,  3d,  nth,  13th,  19th; 
Huntingdon,  1st.  14th,  27th,  29th,  30th;  Drifton,  loth;  Pottstown,  1st;  New 
Bloomfield,  ist,  2d,  3d,  nth,  14th,  29th  ;  Philadelphia,  ist,  nth,  15th  ;  Cou- 
dersport,  1st,  loth;  Girardville,  2d,  3d,  loth,  29th,  30th  ;  Selins  Grove,  2d,  3d, 
loth,  nth,  19th,  29th,  30th;  Somerset,  nth,  29th;  Eagles  Mere,  loth; 
Wellsboro,  ist,  loth,  13th,  30th  ;  Dyberry,  13th,  29th,  30th;  Honesdale,  2d, 
3d,  loth,  13th,  3l5t;  York,   loth.  13th,  29th,  30th. 

Corona. — Reading,  28th,  ;  Wellsboro,  26th,  31st;  Dyberry,  7th. 

Solar  Halos. — Charlesville,   17th;   Eagles  Mere,  13th. 

Auroras. — Quakertown,  15th;  Eagles  Mere.  28th. 

WEATHER  FORECASTS. 

Percentage  of  local  verifications  of  weather  and  temperature  signals  as 
reported  by  displaymen  for  July,  1889: 

Weather,  81  per  cent. 
Temperature,  91  per  cent. 

TEMPERATURE    AND    WEATHER    SIGNAL    DISPLAY    STATIONS. 
Displayman.  Station. 

U.  S.  Signal  Office Philadelphia. 

Wananiaker  &  Brown 

Penns\  Ivania  Railroad  Company, 

Continental  Brewing  Company 

Samuel  Simpson, 

B.  T.  Babbitt, 

Western  Meat  Company 

Neptune  Laundry 

Chester  Oil  Company Chester. 

C.  W.  Burkhart Shoemakerville. 

A.  N.  Lindenmuth Allentown. 

C.  B.  Whitehead Bradford. 

Capt.  Geo.  R.  Guss, West  Chester. 

Werner  &  Son ....  Emporium. 

C  E.  Lenhart, Latrobe. 

Thomas  F.  Sloan McConnellsburg. 

J.  H.  Fulmer Muncy. 

\V.  T.  Butz New  Castle. 

S.  W.  Morrison Oxford. 

Capt.  A.  Goldsmith Quakertown. 

J.  L.  Morrison Sharon. 

Wm.  A.  Engel Shenandoah. 

VVm.  Schrock Somerset. 

Postmaster, Meadville. 
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Displayinan.  Station. 

Frank  Ross Oil  City. 

Lerch  &  Rice, Bethlehem. 

John  W.  Aitken Carbondale. 

Signal  Office, Erie. 

J.  R.  Raynsford Montrose. 

E.  P.  Wilbur  &  Co South  Bethlehem. 

Agricultural  Experiment  Station, State  College. 

Signal  Office Pittsburgh. 

E.  H.  Baker Williamsport. 

A^e2u  Era,  .     . Lancaster. 

State  Normal  School Clarion. 

Clarion  Collegiate  Institute Rimersburg. 

E.  S.  Chase Eagles  Mere. 

Thiel  College Greenville. 

D.  G.   Hurley Altoona. 

Armstrong  &  Brownell,     ....          ....  Smethport. 

J.  E.  Forsythe ...  Butler. 

James  H.  Fones, Tionesta. 

Wister,  Hacker  &  Savage, Germantown. 

W.  J.  Thompson  &  Co Clifton  Heights. 

Steward  M.  Dreher Stroudsburg. 

State  Normal  School Millersville. 

E.  C.  Wagner Girardville. 

Hartford  P.  Brown Rochester. 

L.  H.  Grenewald York. 

J.  E.  Pague Carlisle. 

C.  L.  Peck Coudersport. 

H.  D.  Miller, Drifton. 

Smith  Curtis Beaver. 

M.  Tannehill Confluence. 

S.  C.  Burkholder Pollock. 

Robt.  M.  Graham, Catawi'ssa. 

Henry  F.  Bitner Millersville. 

A.  J.  Edelman, Pottstown. 

A.  M.  Wildman, Langhorn. 

N.  E.  Graham East  Brady. 

B.  F.  Gilmore Chambersburg. 

Frank  M.  Morrow, Altoona. 

A.  Simon's  Sons, Lock  Haven. 

E.  W.  McArthurs, Meadville. 

J.  K.  M.  .McGovern, Lock  No.  4. 

Raftsman's  Journal, Clearfield. 

W.  S.  Ravenscroft Hyndman. 

R.  C.  Schmidt  &  Co Belle  Vernon. 

Jesse  R.  Brown Lehmasters. 

H.  W.  Mullen Centre  X'alley. 
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Monthly  Summary  of  Reports  by  Voluntary  Observers  of  the  Pennsylvania  State  Weather  Service  for  July,  1889. 


Station. 


Pittsburgh 

Charlesvitle, 

Reading, 

Alloona, - 

Hollidaysburg 

Wysox, 

Forks  of  Neshaminy 

Qiiakertown, 

Emporium, 

State  College — 

Agricultural  ExperimenlStation, 

Phillipsburg, ... 

West  Chester 

CoatesviUe, 

Rimersbiirg 

Clarion — 

State  Normal  School, 

Grampian  Hills, 

Lock  Haven, 

Catawissa, 

Meadville — 

Allegheny  College, 

Carlisle, 

Harrisburg 

S  war  th  more — 

Swarthmore  College 

Erie, 

Uniontown, 

McConnellsburg, 

Huntingdon — 

The  Normal  College, 

Indiana^ 

State  Normal  School,  .   J   .   .   , 

New  Castle, 

Myerstown, 

Anville — 
Lebanon  Valley  College,  .... 
Drifton— 

Drifton  Hospital, 

Smethport,      

Greenville — 

Thiel  College, 

Pottstown 

Bethlehem, 

New  Bloomfield, 

Philadelphia 

Coudersport,       , 

Girardville,      

Selins  Grove,      

Somerset, 

Eagles  Mere, 

WcUsboro, 

Columbus, 

Dyberry 

Honesdale, 

York, 
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Barometer. 


Temperature. 


385 


29*996 
29-997 

29-979 
29*990 

29*914 
29*98? 


29*998 

29'973 
29*980 
39 '980 


39*917 

30*0.0 
29*993 


30*019 
29*942 
30*081 


29*956 


30*245   29*678 
30*236   29*723 


.  .  .• 

30*277 


30*223 
30*235 


30*276 

30*210 
30*280 
30*162 


29*696 
29*680 

29'405 
29*667 


29*7,  6 

29*721 
29*670 
29*724 


74*6 
70*4 
71*8 
74'5 
7i"6 
69*2 
73'2 
70*2 
70*0 

70'3 
68*0 
72*6 
7J*9 
75"o 


70*8 
70*8 


Maximum. 


93'J 
96*0 
92*0 
93*o 
95*0 
91*2 

91*7 
93*0 


94-0 
90*0 
94*0 
92*0 


940 
91*0 


73-8 

73*0 
70*0 
74*0 
72*0 

70*3 


30*158      29*580 

30*259   29*669 
30*214   29*573 


30*230 
30*275 
30*372 


30*223 


911 
87  a 


92*0 
90*0 


67*. 


39-064  I 
29*642  I 
29*843  1 


29*705 
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7.6 
74*4 
68*5 
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70*3 
08*1 
66*6 
66*4 
74"5 


55*5 
480 
50*0 
55'o 
470 
44'5 

5^' 7 
41  *o 

57'o 
48*0 
-S5'o 
52*0 
56*0 


16 

16,  25 

16 

25 


16 
16 
16 
25 


838 
8,*3 
8;*8 

84-4 
84*5 

807 


65*2 
62"! 

63-5 

64*7 

59  "4 

58*9 


Daily  Range. 


iS*6 
19*2 
19*3 
19*7 

25*1 
21*8 


52*0 
52*0 


57*o 

5:. -8 
540 
52*0 
48'a 

48*0 


8fi 

8j*2 

80*0 

'     8(7 

1     S"'* 

33*9 

80*0 

61*0 

56*9 

63'3 
53'o 
65*6 
63*9 
70*0 


23*1 
26*3 

i6*7 
3' '7 
14*8 
19*0 
10*0 


27'5 
32*0 
31*0 
31*0 
38*0 
34'i 


17 
»7 
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•5 
■7 
7 


z6 


80*7 


64*4 


■5 
30 


81*8 
78*0 
82*1 

84-7 

8i*5 


95 'o 
92*0 
94*o 

940 
940 
89  o 
90*0 
89*0 
89  o 
86*a 
90*0 
88*1. 
89*0 
86*0 
95*o 


44*6 
56  o 
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6o*8 

6o*2 
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7i'9 
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75-8 
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67*6 
63*0 
59'' 
67-5 
53-8 
62*9 
68*2 

57*9 
621 
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■5*9 
15*0 
19*7 
23*9 

21*3 


16*9 
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'  Observations  taken  at  8  A.  M.  and  8  P.  M.        "  Observations  taken  at  12  Noon 
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The  COTTON   FIBRE.* 


By  Thomas   Prav,  Jr. 


lA  Lecture  delivered  before  the  Franklin  Institute,  Friday,  December  2, 

i887.-\ 

The  Speaker  was  introduced  by  Dr.  Wm.  H.  Wahl,  Sec- 
retary of  the  Institute,  and  spoke  substantially  as  follows : 

Mr.  Chairman,  Members  of  the  Franklin   Institute, 
Ladies   and   Gentlemen  : 

The  cotton  fibre  is  one  of  the  subjects  with  which  we  are 
most  intimately  acquainted,  and  fifty  of  the  sixty  million 
people  of   the  United  States  are  in  closer  contact  with  the 

*  This  lecture  was  copiously  illustrated  with  the  aid  of  the  projecting  lan- 
tern. A  few  of  the  pictures  shown  have  been  here  reproduced  (see  Frontis- 
piece'), because  of  their  value  as  exhibiting  the  contrast  in  physical  character- 
istics.     These  illustrations  are  copyrighted  and  used  by  permission  from 

The  Cotton  Fibre  and  Cotton  Spinner. — (Com.  Pub.) 
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cotton  fibre  than  with  anything  else,  and  three-quarters  of 
the  other  ten  millions  buy  cotton  with  their  wool,  as  you 
are  probably  aware  ;  and  yet  there  are  very  few  indeed  who 
know  very  much  about  the  fibre,  and  not  one  in  a  thousand 
of  the  cotton  manufacturers  of  the  country  who  can  tell  you 
very  much  about  the  fibre  except  that  they  grind  out  "so 
many  "  bales  a  week,  and  make  so  many  bales  a  week  of 
cotton  sheetings,  shirtings  or  something  else  out  of  a  fibre 
of  which  they  know  very  little  indeed.  I  believe,  in  my  pro- 
fession as  an  engineer,  in  counting,  weighing  and  measuring 
everything,  and  making  all  my  deductions  so  clear  that  they 
are  of  the  "  knock-down  "  order,  for,  in  that  way,  I  can  com- 
pel attention  and  make  my  statements  based  only  upon 
fact,  thus  compelling  also  agreement  with  my  showing,  and 
it  is  with  that  purpose  in  view  that  I  propose  to  show  you 
to-night,  instead  of  asking  you  to  take  my  observations 
without  the  proof  positive  being  also  introduced.  All  the 
pictures  that  I  may  show  you  this  evening  are  my  own  work 
in  the  cotton  field,  as  are  the  photo-micrographs,  which 
you  will  have  thrown  on  the  screen,  so  that  you  can  see 
exactly  as  I  have  seen,  all  the  physical  features  of  the  cot- 
ton fibre  as  far  as  I  can  see  them,  with  the  exception  that 
from  several  hundred  slides  I  have  been,  on  account  of 
time,  compelled  to  select  a  few,  some  thirty  in  number, 
instead  of  several  hundreds.  I  am  also  going  to  tell  you  at 
the  start  that  my  "  hobby,"  as  some  spinners  are  pleased 
to  call  it,  has  been  ridden  to  some  purpose,  and  that  some 
few  cotton  spinners  are  making  use  of  the  microscope  in  their 
cotton  mills  now,  and  are  really  beginning  to  understand  that 
there  is  a  better  way  of  buying  cotton,  or  mixing  it  after  it  is 
bought,  than  the  old  way.  Just  imagine  a  man  going  into 
a  darkened  room  to  buy  silks,  and  depending  upon  "  feel- 
ing "  with  his  fingers ;  he  might  tell  that  the  fabric  was 
silk,  but  what  could  he  tell  about  the  color  or  texture  ?  So, 
in  buying  cotton,  what  could  a  man  tell  about  a  cotton 
fibre  which  is  all  the  way  from  g^j-  of  an  inch  in  diameter 
for  the  coarsest  Upland,  to-  j^^-^  for  the  best  New  Orleans, 
or  Gulf,  and  ^^^pj-  for  the  best  Sea  Island  cotton,  which  is 
raised  in  the  United  States?      And  yet  from  1,500,000  bales 
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upwards  are  worked  in  the  United  States  in  this  blind 
way  of  guessing-,  or  supposing,  and  turning  out  such  goods 
as  it  happened  to  produce. 

The  subject  is  interesting  from  more  points  than  one 
and  I  will  now  proceed  (with  the  assistance  of  my  friend  at 
the  lantern)  to  show  you  exactly  what  I  am  going  to  talk 
about.  The  first  is  the  locomotive  upon  which  I  arrived  at 
the  scene  of  my  operations  in  the  cotton  field.  You  will  see 
that  the  trade-mark  of  the  Baldwin  Locomotive  Works, 
Philadelphia,  is  upon  the  front  of  the  engine.  There  is 
nothing  peculiar  except  it  is  a  wood-burner,  and  the  scenery 
is  peculiarly  Southern.  The  next  is  a  scene  clearly  South- 
ern, and  represents  such  a  crowd  as  I  found  one  Sunday 
afternoon  in  an  out-of-the-way  country  town,  where  the  peo- 
ple were  very  much  surprised  at  our  appearance.  In  the 
next,  you  will  have  a  view  of  the  planter's  house,  which  was 
my  home  during  all  my  tramps  for  four  years  during  the 
cotton  planting  and  picking  seasons ;  you  will  see  in  the 
strong  sunlight  just  what  I  saw  when  looking  through  the 
lens  of  my  camera ;  the  house  you  will  see  is  set  up  three 
and  a  half  or  four  feet  from  the  ground,  on  account  of  mois- 
ture, and  for  sanitary  reasons ;  these  houses  are  usually 
only  one-story  high,  with  a  broad  stoop,  and  are  very  pleas- 
ant, I  can  assure  you.  In  our  next,  we  have  one  of  the  most 
beautiful  scenes  in  nature  ;  although  our  magazines  and 
other  literature  have  a  great  deal  to  say  about  the  grandest 
sight  in  nature,  but,  after  travelling  pretty  thoroughly  in 
various  countries  of  the  world,  I  have  never  seen  anything 
to  my  own  eye  more  beautiful  than  a  cotton  field,  just  as  you 
see  it  now  on  the  screen.  This  is  an  Upland  field,  and  the 
cotton  is  fully  open,  not  quite  ready  for  the  picking.  Here 
we  have  not  the  "  ship  of  the  desert,"  which,  if  any  of  you 
have  ever  travelled  in  the  Holy  Land,  you  will  remember, 
but  you  have  the  ship  of  the  "  cotton  field  and  his  naviga- 
tor," the  negro  and  the  mule  ;  while  in  the  distance  you  will 
see  the  "  quarters  "  where  the  negroes  live,  and  of  which  you 
will  soon  have  a  very  much  nearer  and  plainer  view.  In 
this  one  you  have  a  first-rate  view  of  the  bottom  land  cotton 
field,  perfectly  white  with  bloom,  in  which  you  will  see  the 
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planter  and  two  boys,  and  when  I  tell  you  that  Major  Jones 
is  five  feet  ten  inches  high,  you  will  be  able  to  judge  that  the 
cotton  is  pretty  nearly  three  feet  high,  as  it  comes  fully  up 
to  his  hips.  In  the  next,  you  have  a  nearer  view  of  the  cot- 
ton pickers  in  working  costiime.  You  will  notice  that  each 
one  has  grasped  a  cotton  boll  in  the  right  hand,  while  with 
the  left  they  pick  out  the  fibre  from  the  shell  and  leave  the 
shell  on  the  stalks  of  the  plant,  but  put  the  fibre  or  "lint" 
in  the  "  pocket,"  which  j'ou  will  see  each  one  is  furnished 
with,  hanging  to  the  side;  this  is  a  woman  and  her  two  sons, 
just  as  I  found  them  in  the  field.  Here  we  have  the  cotton 
picker  again,  a  nearer  view,  ver}'  much ;  you  can  see  that 
very  little  clothing  is  worn,  and  very  little  outfit  is  neces- 
sary. In  this  view  we  have  the  quarters  as  they  stand  in 
the  fields  all  over  the  thirteen  or  fourteen  cotton-growing 
States.  The  building  is,  as  you  will  see,  of  the  common 
hard  pine,  about  lo  x  12  or  12  x  i6  feet  on  the  ground,  only 
a  single  story  high,  with  a  mud  chimney,  sides  only  bat- 
tened and  the  roof  covered  with  rough  boards  and  shingles ; 
in  these  places  the  families  of  negroes  live,  am^where  from 
two  to  a  dozen,  while  very  many  of  the  negroes  have  little 
houses  of  their  own,  which  are  better  somewhat.  You  will 
see  the  mother  and  her  three  boys  just  as  I  found  them 
after  the  forenoon's  work,  each  with  a  pouch  or  "  pocket," 
while  the  mule  and  boy  are  probably  sent  from  the  planter 
to  tell  the  pickers  where  to  work  in  the  afternoon.  In  the 
next,  you  will  see  how  the  pickers  get  their  pay  for  the  work 
done.  Here  are  the  three  sons  of  the  planter,  with  the  col- 
ored boy  and  the  big  cotton  baskets.  You  will  see,  also,  the 
heads  of  the  horses.  The  cotton  is  taken  from  the  pockets 
or  pouches  and  put  into  the  baskets,  and  you  will  see  the 
scales,  and  the  smallest  boy  has  a  book  in  which  the  weight 
of  each  basket  is  entered,  and  then  the  cotton  is  piit  into 
the  wagon,  and  then,  in  too  many  cases,  the  cotton  is  put 
into  piles  on  the  ground,  where  it  waits  for  ginning  and  for 
the  rain  ;  here  very  much  of  the  cotton  is  spoiled,  and  very 
much,  indeed,  is  materially  injured  by  rain  and  dampness, 
etc. ;  but  on  the  best  regulated  plantations  it  is  housed 
until  ready  for  going  to  the  steam  gin. 
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Here  we  have  the  cotton  in  another  stage,  or,  as  the 
negroes  usually  speak  of  it,  "  gwine  to  town ;"  you  will  have 
no  trouble  in  this  picture  in  telling  that  the  colored  people 
have  taken  in  old  uncle  and  auntie,  besides  the  driver,  and 
the  journey  to  town  will  be  one  of  the  features  of  their 
next  week's  conversation. 

This  brings  me  to  the  "ginnery,"  where  most  of  the 
cotton  which  is  carefully  raised  and  kept  all  right  is  ulti- 
mately spoiled,  as  far  as  the  spinner  goes.  The  competition 
in  the  ginning  of  cotton  has  been  fierce.  Steam  gins  have 
been  built  all  over  the  South,  and  the  cotton  is  practically 
ground  up,  mutilated  or  anything  that  you  choose  to  say, 
except  that  it  is  properly  ginned.  But  here  you  will  have 
one  of  the  few  old-time  cotton  ginneries  and  presses  that 
are  standing.  When  I  say  old-time,  it  is  with  reference  to 
before-the-war  times.  The  gin-house  you  can  see  under 
the  house  proper,  where  the  mules  are  attached  to  the 
wooden  frame  which  carries  a  cast-iron  segment  upon  it, 
into  which  a  gear-shaft  plays,  upon  the  end  of  which  is  a 
pulley  which  drives  the  gin,  which  is  put  up  in  the  second 
story,  where  the  cotton  is  put  after  picking.  The  right- 
hand  end  of  the  house  is  what  is  called  the  lint-room,  into 
which  the  cotton  is  sent  by  the  action  of  the  gin,  and  from 
this  lint-room  the  negroes  take  the  cotton  and  put  it  into 
the  press,  which  is  under  the  double  roof,  which  you  see 
farther  at  the  right.  The  long,  angular  timbers  which  you 
see,  are  the  levers  by  which  a  screw  is  worked,  and  you  can, 
perhaps,  imagine  what  the  work  was  on  rainy  days  or  when 
the  crop  had  been  early  picked.  Many  and  happy  have 
been  the  days  that  I  have  spent  in  listening  to  the  melodies 
which  were  the  universal  accompaniment  of  this  stage  of 
the  cotton  crop,  but  those  days  have  now  gone.  The  march 
of  improvement  has  displaced  them  with  the  steam  gin, 
located  in  town,  where  the  cotton  can  be  sent  off  to  the 
mill  in  an  hour,  or  by  the  first  train  after  the  bale  is  ready. 

Our  next  is  a  Southern  town ;  this  is  one  of  very  many 
that  I  have  visited  and  there  is  very  little  difference  indeed 
between  them.  You  will  see  the  usual  crowd  of  loafing 
populace  under  the  broad  piazza;  you  can  see  the  locks  of 
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•cotton  lying  in  the  street,  see  the  load  of  cotton  bales  on  the 
■wagon  and  the  three  people  who  are  gathered  near  it,  dis- 
'cussing  the  price  probably,  one  being  the  planter,  another 
the  merchant,  who  has  probably  a  mortgage  on  the  crop  of 
which  the  bales  are  a  part,  and  the  other,  as  yon  will  See 
from  his  black  face,  is  the  driver.  It  does  not  require  any 
great  effort  to  see  the  words  "  Bar  Room,"  but  whether  they 
are  in  greater  number  than  they  are  in  Philadelphia,  I  can- 
not say.  The  next  is  a  cotton  plant,  which,  as  you  will  see, 
troke  down  under  its  load  in  the  field,  and  I  was  obliged  to 
tie  it  up  so  as  to  photograph  it.  This  was  large  Upland 
cotton,  and  had  227  bolls  upon  it ;  if  a  whole  acre  could 
have  been  raised  as  good  as  this,  it  would  have  yielded  over 
four  bales,  of  450  pounds  each,  for  each  acre.  The  next  is  a 
boll  of  cotton,  perfect  and  beautiful.  The  next  is  an 
arrangement  of  six  bolls  of  different  cotton,  all  arranged 
upon  the  same  field,  so  that  you  can  begin  the  study  of  the 
physical  difference  in  cotton.  In  these  six  bolls  you  will 
find  all  the  difference  that  you  can  find  in  an  hour's  study 
of  500  faces,  if  you  will  stand  on  Chestnut  or  Market  Street 
here  at  any  hour  of  the  day.  The  upper  central  is  a  poorly 
developed  boll  of  Upland,  grown  upon  poor  soil.  The  lower 
middle  boll  was  grown  upon  better  Upland  soil.  The  lower 
right-hand  is  good  Upland,  upon  well-fertilized  soil,  and  the 
upper  right-hand  is  Upland  cotton  grown  upon  bottom 
land  ;  while  the  lower  left-hand  is  Mississippi  cotton,  the 
best  in  the  world,  excepting  only  that  which  is  called  Sea 
Island.  Now  as  we  proceed  you  will  find  the  same  physical 
characteristics  in  a  fibre  of  cotton  that  you  can  so  plainly 
see  in  these  six  cotton  bolls,  and  the  differences  in  the  fibres 
when  you  have  studied  them  for  a  little  while  will,  I  am 
sure,  convince  you,  each  and  every  one,  that  cotton  is  capa- 
Ijle  of  being  worked  differently  for  different  purposes,  and 
with  a  very  great  difference  in  results,  if  only  we  can 
make  the  selection  possible  and  practical.  As  you  have 
seen  the  Upland  cotton  in  the  field,  before  I  commence  the 
fibres  I  will  show  you  the  bottom  land  or  IcBw-land  cotton 
as  it  grows.  In  this  slide,  ais  you  will  see,  the  cotton  plants 
are  taller,  stronger  and  very  much  thicker  in  their  growth  ; 
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in  fact,  it  is  almost  impossible  when  the  cotton  is  fully- 
grown  to  go  through  a  field  of  this  cotton  ;  and  the  fibre 
is  like  the  plant,  longer,  stronger  and  more  of  it  on  a  boll. 

We  will  now  begin  on  the  fibres.  In  this  you  have  a 
photo-micrograph  of  a  few  fibres  of  cotton  taken  from  some 
of  the  best  Pernambuco  cotton.  It  will  be  noticed  that  it 
is  rather  flat  and  that  the  fibres  are  more  of  the  nature  of 
narrow  tape.  The  edges  are  not  thickened  and,  as  you  will 
see  in  the  slides  that  follow,  there  is  very  little  or  no 
spirality  in  the  fibres.  The  oil  deposits  are  few  indeed  and 
not  very  marked.  The  next  slide  is  from  Upland  cotton, 
which  is  not  very  well  developed  (see  Fig.  A,  frontispiece). 
It  will  be  readily  seen  that  the  cotton  is  not  strong  and 
robust  in  appearance,  but  that  the  fibres  are  weak  in  their 
outline,  not  ver}'  well  thickened  on  the  edges,  but  that  the 
spirality  is  more  noticeable  than  in  the  slide  last  shown. 
There  are  some  traces  of  oil  deposits,  but  it  is  of  the 
same  not  clearly-developed  type — it  will  be  found  by  the 
spinner  that  the  cotton  will  have  the  same  actual  effect  in 
the  machinery,  and  the  resultant  goods  will  be  weak  and 
uneven,  just  as  the  cotton  appears  on  the  screen  now. 
No  one  in  this  audience  will  have  the  least  trouble  in 
noticing  all  the  different  features  between  the  cotton  fibre 
now  on  the  screen  and  the  one  which  immediately  preceded 
it.  This  is  Upland  Georgia  cotton,  raised  in  1881  or  1882, 
from  seed  carefully  selected  from  the  first  picking  and  the 
most  perfect  bolls;  the  cotton  fibre,  as  you  will  notice, 
is  beautifully  developed,  clear  in  its  outline,  well-formed, 
full  of  oil  deposits  and  very  good  spirality  (see  Fig.  B, 
frontispiece).  The  average  crop  of  this  cotton  was  one  and 
one-quarter  bales  per  acre,  where  in  the  old  times  before 
the  war  one-half  a  bale  per  acre  "was  a  pretty  good  yield." 
This  cotton  was  raised  by  Major  James  F.  Jones,  a  native 
Georgian,  living  in  Troup  County.  He  commenced 
farming  upon  the  small  farm  idea,  after  he  found  himself 
getting  poorer  and  poorer  after  the  war,  running  under  the 
old  idea  of  as  many  mules  as  he  could  work;  he  com- 
menced using  fertilizers  and  planting  a  few  acres  and  taking 
care  of  them,  instead  of  planting  a  great  many  acres  and 
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letting  them  go  in  the  shiftless,  not-taken-care-of  way,  that 
was  the  usual  practice.  When  the  Major  made  his  appear- 
ance at  the  Atlanta  Exhibition  in  1880,  and  in  his  modest 
way  made  the  statement  of  what  he  was  doing,  his  state- 
ments were  doubted,  in  fact ;  it  was  even  intimated  as  prob- 
able that  "the  Major  lied."  I  had  read  the  articles  in  the 
Atlanta  Constitution,  and  found  the  Major  out  upon  my 
arrival  there,  and  afterward  had  the  pleasure  of  introducing 
the  Major  to  Mr.  Edward  Atkinson  and  his  party  of  New 
England  cotton-spinners  upon  their  arrival  there.  Mr. 
Jones  has  done  very  much  indeed  to  reform  the  slack,  shift- 
less ways  of  farming,  and  I  am  glad  to  say  has  been  suc- 
cessful as  far  as  dollars  and  cents  go.  This  cotton  has  been 
spread  all  over  the  South,  and  the  seed  sold  at  $2  a  bushel, 
when  the  common  cotton-seed  was  a  drug  at  twelve  and  one- 
half  to  sixteen  cents  a  bushel.  This  particular  sample  of 
cotton  that  I  gathered  in  the  Major's  cotton  field  with  my 
own  hands  remains  almost  the  best  developed,  strongest 
and  most  valuable  of  any  cotton  that  I  have  in  my  collec- 
tion of  thousands  of  samples,  from  all  sorts  of  soil  and 
countries,  with  the  exception  of  Sea  Island,  and  the  fine 
high-grade  cottons  which  you  will  presently  see  from  the 
Delta  of  the  Mississippi,  where  the  finest  cottons  in  the 
world  are  raised,  without  any  exception  whatever.  Major 
Jones' cotton,  unlike  very  many  of  the  "hybrid  cottons  "and 
"  seedling  cottons,"  which  have  appeared  on  the  market  and 
soon  disappeared,  has  never  changed,  but  has  grown  in  favor, 
and  when  kept  pure,  has  made  a  material  change  in  the  yield 
in  different  soils,  and  is  perfectly  available  as  a  "cropping" 
cotton,  as  the  Southern  people  say. 

The  finest  cotton  raised  anywhere  in  the  cotton  fields  of 
the  world,  is  the  Mississippi  Delta  cotton ;  beautiful  in  its 
structure ;  perfect  in  its  development ;  full  of  oil  deposits, 
with  a  spirality  of  nearly  400  per  inch,  making  very  strong 
yarn,  capable  of  coloring  all  the  delicate  shades,  like  pink, 
light  colors,  and  bleaching  in  the  most  perfect  manner  (see 
Fig.  C,  frontispiece).  If  you  will  compare  this  cotton  in  its 
appearance  only,  with  any  other  that  has  been  shown,  you 
will  have  no  mote  trouble  in  reaching  your  own  conclusion. 
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than  if  you  were  looking  at  a  beautiful  oil-painting  from  the 
hands  of  one  of  the  masters  or  at  a  six-penny  daub.  And 
the  phj'sical  characteristics  are  as  clearly  shown  and  follow 
in  their  working  as  the  appearance  of  the  cotton  on  the 
screen  with  that  which  has  been  or  which  will  be  shown. 
This  particular  cotton  has  a  diameter  of  about  xe'V'S'  °^  ^^ 
inch  and  is  simply  the  "perfection  of  cotton."  This  slide 
shows  the  greatest  possible  contrast ;  it  is  one  of  the  many 
good-for-nothing  hybrids  and  seedlings  and  is  not  now 
grown  to  any  extent.  It  requires  very  little  more  than 
to  say  it  is  worthless  for  anything,  except  wherever  weight 
is  required ;  it  is  lacking  in  spirality,  oil  deposit  and 
development,  and  is  easily  disposed  of.  But  who  can  tell 
this  from  the  usual  examination  that  is  made  by  pulling  a 
few  fibres  through  the  fingers?  That  is  the  question  which 
makes  or  breaks  a  mill  and  its  owner,  and  is  for  you  to 
consider  as  you  follow  the  subject  along. 

This  is  a  micro-photograph,  as  indeed  all  the  slides  shown 
are,  but  it  is  a  very  much  higher  power  than  the  others,  and 
is  shown  so  you  can  see  the  cell  walls  and  deposits  clearly. 
In  the  case  of  the  "  bubble,"  apparently  you  see  the  cell  flat, 
and  in  the  next  fibre  above  it,  you  will  see  the  same  oily 
deposit ;  but  you  are,  in  the  second  case,  looking  at  the  edge 
of  the  cell  or  multitude  of  cells.  There  are  many  very 
foolish  ideas  about  cotton,  and  one  is  that  it  has  a  uni- 
cellular structure,  or  with  a  single  cell.  Some  three' years 
ago,  a  little  argument  was  had  in  Boston,  and  it  has  been 
told  that  a  person  with  an  itching  for  standing  as  a  micro- 
scopist  made  the  assertion  that  the  oil  deposits  were  simply 
air  bubbles,  and  some  idea  was  put  forth  of  drawing  them 
out  with  a  glass-rod  heated  with  a  Bunsen  burner.  Igno- 
rant people  sometimes  make  themselves  ridiculous,  but 
seldom  in  such  a  way  as  this  (and  it  was  published  as  a 
fact),  and,  perhaps,  some  of  you  Philadelphia  spinners  can 
secure  the  services  of  the  ignorant  person  to  drive  the  air- 
bubbles  out  of  the  bales  of  cotton  you  are  working. 

In  this  slide  you  are  again  looking  at  a  Mississippi 
cotton,  a  special  hybrid,  raised  upon  the  best  soil  and 
highly  fertilized,  by  Colonel  Ozier,  near  Corinth  (see  Fig.  D, 
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frontispiece).  This  is  almost  as  perfect  as  best  .Sea  Island 
cotton,  and  is  very  little  removed  from  it,  except  in  its 
length ;  this  particular  cotton,  not  the  finest,  is  nearly  yjVs' 
of  an  inch  in  diameter,  has  from  400  to  440  spirals  per  inch, 
very  well  developed,  indeed,  full  of  oil  deposit,  and  if  you 
will  look  at  the  edge  of  the  fibre,  about  in  the  middle  of 
the  field,  it  has  the  appearance  of  the  side  of  a  chain,  so  that 
you  can  readily  see  the  edges  of  the  links.  This  is  one  of 
the  most  beautiful  cottons  I  have  ever  seen  from  any  country, 
and  Colonel  Ozier  has  made  a  specialty  for  some  years  of 
raising  it.  This  is  the  kind  of  cotton  that  is  worth  many 
millions.  It  is  not  a  question  of  selling,  but  how  much  can 
I  get?  To  my  mind,  there  are  very  few  subjects  in  the 
vegetable  kingdom  more  beautiful  than  this  particular 
cotton  fibre. 

Here  we  have  another  specimen  in  the  "  seedling  "  line 
of  cotton.  This  was  introduced,  and  from  its  very  showing 
and  the  full  and  general  appearance,  it  "  took  "  among  the 
buyers.  There  are  middlemen  in  the  North  who  bought  it 
largely  for  two  years.  They  do  not  buy  it  now,  and  it 
would  be  regarded  as  a  breach  of  courtesy  to  ask  them 
anything  about  seedling  cotton.  It  is  fairly  well  devel- 
oped, but  very  irregular,  indeed,  lacking  in  spirality,  having 
but  a  limited  oil  deposit,  uneven  in  size,  and  it  works  by 
filling  the  mill  with  "flyings,"  or  small  particles  of  very 
short  fibres,  covering  the  machinery  completely  up,  and 
makes  less  pounds  of  goods  for  each  hundred  pounds  of 
cotton  than  almost  any  other  cotton  you  can  buy. 

Almost  all  the  photo-micrographs  which  have  been  shown 
you  have  been  "  projection,"  as  it  more  nearly  resembles  the 
actual  appearance  under  the  lens  of  the  microscope  in  a 
practical  way.  The  slide  now  upon  the  screen  is  for  defini- 
tion and  is  by  an  immersion  lens  ;  in  this  view  you  can  see 
the  wrinkled  appearance  of  the  fibres  as  plainly  as  you  can 
see  the  veins  on  the  back  of  your  hand  ;  if  you  will  take 
pains  to  study  them  for  a  moment,  you  will  readily  observe 
that  they  have  no  particular  direction,  nor,  indeed,  any 
spiral  tendency  or  follow  any  line,  but  are  really  at  all  sorts 
of  angles  to  the  length  of  the  fibre ;  as  the  fibre  matures. 
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the  watery  portion  of  the  matter  contained  in  the  fibre  is 
evaporated  by  the  sun  after  the  shell  of  the  boll  breaks  open 
and  the  oil-wax  is  hardened  in  this  process  and  becomes 
visible ;  and  the  more  oil  or  wax  in  the  cotton  the  stronger 
the  cotton  is  and  the  less  liable  it  is  to  electrical  disturb- 
ances in  the  cold,  dry  weather,  or  to  "  varying  in  numbers," 
of  which  we  hear  so  much  in  the  "dog  days"  or  wet  weather. 
If  you  will  study  this  particular  slide,  you  can  see  the 
analogy  between  the  various  slides  already  shown  and  this 
one  in  particular.  Dyers  and  bleachers  of  fine  cotton  have 
their  share  of  trouble  in  the  working  of  cotton,  and  find 
spots  which  will  not  take  color  at  all,  or  unevenly,  etc.  In 
this  slide  you  have  quite  a  number  of  cotton  fibres  which 
have  been  mordanted,  or  prepared  for  coloring.  There  is 
no  trouble  whatever  in  discovering  a  great  difference 
between  the  fibres,  for  their  formation  is  clearly  apparent 
and  the  peculiar  markings  which  you  observe  show  that  in 
some  parts  of  the  fibre  the  mordant  has  taken  hold  and  in 
others  there  is  very  little  preparation  for  the  coloring  pro- 
cess which  is  to  follow.  Some  of  the  fibres,  you  will  notice, 
have  taken  up  the  solution  in  one  part  of  the  fibre  and 
others  in  another ;  some  of  them  show  the  edge  and  others 
the  central  portion  ready  for  coloring ;  and  it  is  not  a  matter 
of  patience  or  pains  by  the  dyer,  but  it  is  a  matter  beyond 
his  reach,  viz :  the  physical  peculiarities  of  the  cotton  fibre 
which  will  not  take  the  mordant,  and  we  have  often  in  our 
dye  works  or  print  works  some  pieces  which  cannot  be 
either  printed  or  colored  anything  else  than  black,  and 
frequently  the  higher  colors  have  to  be  "gone  over"  with 
the  black  on  account  of  spots  in  them,  which  cannot  be 
remedied  by  any  known  process  of  the  art  at  the  present 
time.  It  may  be  proper  right  here  to  observe  that  the 
microscopic  examination  of  cotton  has  quite  as  much  to  do 
with  the  dyeing,  printing,  bleaching,  etc.,  of  cotton  as  with 
the  work  in  the  spinning-mill,  and  a  vast  amount  of  money 
is  spent  every  year  by  the  dyers,  bleachers,  printers,  etc., 
that  might  be  saved  if  a  little  common  sense  were  exercised 
in  the  buying  of  cotton  for  the  special  purposes  for  which 
the  goods  are  destined.     Some  very  curious  results  have 
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come  under  my  own  observation  during  the  past  ten  years 
in  this  respect,  where  each  party  has  made  absolute  claims 
upon  the  other  in  cases  for  damage ;  and  when  observed 
carefully,  it  has  been  found  that  neither  party  could  have 
avoided  the  result  with  the  "  cotton  which  was  used,"  and 
yet,  as  a  general  thing,  cotton-spinners,  dyers,  bleachers, 
printers,  etc.,  ridicule  the  microscope  as  allied  to  the  cotton 
mill! 

In  the  following  out-of-the-question  explanations  of  the 
structure  of  the  cotton  fibre,  which  no  person  on  the  earth 
to-day  knows  positively  in  its  completeness,  some  experi- 
ments have  been  made  in  dissolving  cotton  in  various 
chemical  solutions.  The  slide  now  upon  the  screen  shows 
one  of  the  most  important.  In  this,  you  will  clearly  see 
that  the  outline  of  the  fibre  is  plainly  shown,  so  that  there 
is  an  exact  difference  in  the  condition  of  the  fibre  in  its 
present  state  or  as  to  what  it  was  in  its  completeness ;  it  is 
a  somewhat  curious  fact  that  the  fibre  dissolves  very  rapidly 
at  first  and  more  slowly  as  the  inner  layers  are  exposed  to 
the  action  of  the  chemicals.  The  oil  cells  are  the  very  last 
to  disappear,  partially  because  they  are  inside,  but  they 
are  a  great  deal  longer  than  all  the  rest  of  the  fibre  in  dis- 
solving; some  thirty  to  thirty-six  hours  are  required  for 
complete  dissolution  in  the  strength  of  solvent  used,  and 
the  slide  shown  was  taken  at  about  twelve  hours  from  the 
mounting.  It  will  be  noticed  that  the  fibres  which  are  best 
developed  are  still  plainest  in  their  outlines,  while  those 
which  show  incompleteness  are  almost  entirely  destroyed. 
That  there  is  a  close  analogy  between  the  serviceableness 
of  the  cotton  fibre  in  its  completest  development  in  the 
field,  as  to  future  usefulness,  there  is  in  my  own  mind  not  a 
particle  of  doubt.  This  is  only  a  single  slide,  regarding  the 
fibre  chemically  in  this  direction,  but  in  connection  with 
the  one  just  shown,  it  seems  to  me  all  that  is  required  in 
order  to  base  an  opinion  upon. 

We  have  heard  a  great  deal  about  poor  ginning.  Cotton 
manufacturers  complain  about  poor  ginning,  and  if  you  will 
examine  with  a  little  care  for  a  moment  what  is  clearly  seen 
on  this  slide,  you  can  imagine  it  multipled  by  millions  in 
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every  bale  of  cotton  and  not  go  far  wrong.  The  end  fibres 
are  mutilated  as  tliough  torn  by  some  mechanical  means, 
and  you  will  see  several  of  them  in  the  same  field.  The 
fibres,  as  you  will  see,  are  torn  for  some  considerable  length, 
and  are  shown  with  the  short  pieces  pretty  well  in  focus. 
Philadelphia  being  the  city  of  the  mechanic,  it  may  be  well 
to  say  right  here  that  there  is  no  field  of  speculative  work 
that  promises  any  more  or  richer  return  than  the  building 
of  a  good  cotton-gin,  one  which  will  take  the  cotton  off  from 
the  seed  gently  but  clean;  one  that  can  be  managed  by  the 
least  possible  mechanical  talent,  and  such  a  machine  will 
readily  return  to  its  inventor  a  million  dollars  quicker  than 
in  any  one  business  that  I  know  of.  It  may  be  well  to 
remark,  however,  that  the  parties  who  take  it  up  must  be 
patient,  faithful  and  capable  of  fighting.  For  Whitney  died 
poor  and  discouraged,  because  he  was  robbed  of  his  rights 
by  the  great  American  machinists,  who  stole  his  invention 
but  laughed  at  his  efforts  to  obtain  something  for  the  invent- 
ing. Since  that  time  two  very  important  inventions  have 
been  stolen,  respectively  one  by  an  American  and  the  other 
by  an  English  house  of  machinists.  There  are  cotton-gins 
put  upon  the  market  to-day  which  are  entirely  unworthy  of 
the  name  of  gin ;  they  simply  tear  cotton  all  to  pieces,  and 
the  spinner  buys  and  pays  for  what  is  found  all  over  the 
mill  and  machinery,  and  which  never  gets  any  farther  than 
the  sweepings,  and  goes  into  the  "waste."  At  the  time  of 
the  Atlanta  Exhibition,  in  1880,  Mr.  Edward  Atkinson 
broiight  out  the  fact  that  I  was  making  this  investigation, 
at  the  same  time  that  he  told  the  people  there  that  the  har- 
vesting of  the  crop  of  cotton  was  growing  worse  and  worse. 
The  first  statement  I  can  forgive  him,  though  it  has  caused 
me  any  amount  of  trouble ;  the  second  was  the  truth,  and  if  he 
had  stated  the  whole  truth  he  could  have  put  it  a  great  deal 
stronger.  vSince  the  time,  when  he  made  the  statement,  there 
have  been  a  dozen  or  more  different  cotton-gins  covered  by 
patents  which  are  somewhat  changed  to  put  on  the  market, 
which  simply  make  the  cotton  worse  instead  of  better.  The 
sample  shown  you  is  not  an  extravagant  one.  It  can  be 
found  in  any  bale  of  cotton  any  day  of  the  week  and  in  any 
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mill  wherever  cotton  is  worked  into  yarn,  cloth  or  other 
goods.  The  cotton  growers,  factors,  merchants,  planters, 
middlemen  and  all  the  rest,  if  there  be  any,  want  a  cotton- 
gin.  Whether  they  will  get  any  more  for  good  than  poor 
cotton  is  a  very  discouraging  problem.  I  do  not  believe 
to-day  that  the  New  England  cotton-spinners  wotild  pay  a 
cent  a  bale  for  clean  cotton  or  for  better  ginned  cotton.  If 
they  can  buy  dirt  or  trash  for  a  little  less  money  they  will 
buy  it,  or  if  they  can  buy  it  through  some  favored  broker,  it 
does  not  matter  so  much  what  the  cotton  is  as  what  the 
price  is.  In  this  line  some  funny  experiences  have  been; 
mine  within  the  twenty  odd  years  I  have  been  in  active  cot- 
ton-spinning; one  in  particular,  where  a  treasurer  "bought 
cotton  "  with  the  end  of  his  cane.  I  have  seen  him  go  into 
a  broker's  office  and  punch  some  samples  lying  on  the  floor 
with  the  end  of  his  cane  and  buy  this  or  that  lot,  never  feel- 
ing of  the  cotton,  only  asking,  "  What  country  is  it  ?"  "  What 
price?"  etc.  It  is  perhaps  superfluous  to  add  that  he  "did 
not  believe  in  the  microscope,"  and  yet  this  man  did  no 
worse  than  many  of  his  fellow-treasurers  to-day. 

We  have  followed  the  cotton  fibre  through  only  a  few  of 
hundreds  of  slides,  and  now  I  will  show  you  the  sections  of 
the  cotton  fibre  from  one  end  to  the  other  of  the  fibre,  or 
from  the  seed  end  to  the  outer  end,  and  by  a  minute's  look- 
ing over  the  field,  you  will  have  no  difficulty  in  seeing  all 
the  different  shapes  of  the  fibre,  in  which  you  can  find  very 
many  different  forms.  Here  you  have  the  end  farthest  from, 
the  seed,  and  here  you  will  have  a  section  from  about  the 
middle  of  the  fibre  ;  here  you  have  a  letter  "  U,"  and  here 
another  form ;  in  some  places  it  would  seem  almost  as  if 
there  were  only  a  single  cell,  while  here  you  will  have  a 
section  which  plainly  shows  hundreds  of  cells,  and  in  a 
similar  direction.  A  whole  evening  might  be  spent  upon 
this  single  slide,  or,  perhaps,  with  this  and  two  or  three 
others,  with  instruction,  and,  as  a  rule,  the  more  we  look  at 
the  fibre  the  more  interested  we  become. 

We  will  now  look  at  a  well-known  muslin,  which  any 
lady  here  would  buy  at  once  on  the  reputation  in  the  market. 
This  photograph  is  from  one   of    the  best  known  family 
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muslins  in  the  United  States.  You  will  observe  that 
several  threads  are  shown,  and  I  wish  to  call  your  attention 
to  the  utter  lack  of  "parallelism"  in  the  threads.  As  a 
member  of  the  New  England  Cotton  Manufacturers'  Asso- 
ciation, in  Boston,  of  which  I  have  been  a  member  nearly 
or  quite  twenty  years,  I  have  heard  often  long  arguments 
about  the  parallelism  of  cotton  fibres,  etc.  There  is  no 
more  approximation  to  "parallelism"  in  the  manufacture  of 
cotton  fibre  than  there  is  in  the  telephone  or  telegraph  wires 
of  Philadelphia,  anywhere  in  the  city,  wherever  they  are, 
over  buildings,  on  poles  or  across  roofs.  And  here  you  can 
see  it,  if  you  will  only  follow  out  the  fibres  in  the  warp  or 
filling.  Please  notice,  also,  all  the  difference  in  the  size  of 
the  different  threads,  and  these  are  among  the  actually  best 
products  of  the  loom  and  spindle  in  this  country.  Here 
we  have  another  view  of  a  piece  from  well-known  mills, 
in  which  you  will  see  even  greater  differences  than  in  the 
slide  which  immediately  preceded  it.  You  will  avoid  any 
tendency  to  mistake  as  to  warp  or  filling,  observing  that  the 
vertical  threads  are  one  and  the  horizontal  threads  are  the 
other,  so  that  if  our  spinners  present  should  take  exception, 
it  cannot  be  maintained,  because  both  warp  and  filling  are 
shown.  The  "parallelism"  of  the  fibres  can  be  readily  seen, 
whatever  there  is  of  it.  Here  we  will  take  leave  of  the 
cotton  fibre,  with  a  view  of  the  cotton  bales  on  a  railroad 
depot  platform  in  Georgia.  The  walk,  up  which  you  are 
looking  towards  the  platform  where  the  bales  stand,  is  the 
connection  with  the  "  steam  ginnery,"  one  of  the  many 
which  are  now  scattered  through  the  South.  Competition 
in  the  ginning  of  cotton  has  brought  about  changes  which 
are  perfectly  ruinous  to  the  cotton-spinner.  In  1880,  the 
price  was  $2  a  bale  for  ginning  450  pounds,  putting  on  jute 
bagging  and  the  ropes  or  iron  hoops,  and  the  cotton  was 
badly  ginned  then.  More  gins  were  put  up,  and  the  price 
gradually  worked  down  to  $1.25  per  bale,  and  even  lower 
than  that  in  some  cases,  and  the  cotton  was  ginned  with  a 
vengeance,  you  may  be  sure.  "Quantity"  is  the  cry,  and 
you  never  hear  "quality."  You  say,  how  many  bales  will  a 
gin  do  in  a  day,   and   if    the  makers    say   six,  the    owner 


256  Pray:  [J.  F.  I., 

answers,  make  it  do  ten.  And  the  spinner  gets  the  benefit, 
if  there  is  any  to  get.  This  subject  will  be  sometime,  in 
some  ginnery,  taken  up,  and  radical  improvements  will  be 
introduced,  and  perhaps  there  may  be  some  improved 
methods  of  ginning  cotton,  in  which  the  quality  of  the 
cotton  fibre  will  be  somewhat  of  an  object.  Cotton  is  now 
planted  by  guess,  harvested  by  guess,  ginned  by  the  same, 
without  regard  to  quality,  and  bought  and  sold  by  guess, 
and  I  may  be  allowed,  perhaps,  to  guess  that  is  the  reason 
why  some  cotton  mills  do  not  pay  dividends,  although  the 
large  stockholders  keep  agents,  and  in  some  cases  treasurers, 
in  position,  at  $6,000  to  $10,000  a  year,  buying  b)^  guess, 
making  by  guess,  and  declaring  dividends  whenever  the 
officers'  salaries  are  paid,  and  there  is  any  money  with  which 
to  do  it.  In  other  cases,  agents  and  treasurers  are  paid 
$15,000  a  year  and  the  mills  make  money,  keep  up  their 
machinery  and  plant  in  the  best  condition,  and  could,  per- 
haps, do  a  gfreat  deal  better  if  only  they  had  some  better 
way  of  buying  or  mixing  cotton  than  by  the  feeling  of  an 
object  which  is  ^-jsir  o^  ^^  inch  in  diameter.  Suppose  a 
watchmaker  should  undertake  the  picking  out  of  a  pinion, 
where  the  bearings  were  yj-g-  of  an  inch  different  in  size, 
with  his  fingers ;  how  do  you  suppose  the  watch  would  run, 
if  he  happened  to  pick  out  one  in  which  the  size  of  the 
pinion  was  y^^  of  an  inch  too  large  ?  And  yet  cotton-spin- 
ners are  doing  worse  than  that  every  day  of  the  week  and 
every  week  of  the  year.  I  do  not  make  these  assertions 
from  theoretical,  but  from  practical  connection  with  the 
cotton  manufacture.  My  grandfather,  my  father  and  myself 
have  been  in  it  ever  since  1796,  and  I  may  say  now,  I  am 
probably  mixing  more  cotton  to-day  for  different  mills  than 
any  other  man  in  the  United  States ;  but  there  is  very  little 
hope  indeed  of  any  radical  change  in  the  methods  of  the 
present  ginner}-.  The  subject  is  away  ahead  of  the  average 
manufacturer,  because  the  average  manufacturer  to-day  is 
not  a  practical  man,  but  the  man  who  buys  cotton  knows 
very  little  about  it,  except  as  it  is  graded  or  shipped  from 
such  a  port  or  such  a  place.  The  cotton  interest  is  one  of 
the  largest  in  this  country,  as  you  all  know.     It  is  not  my 
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purpose  to  criticise  either  the  methods  or  the  men  who  con- 
trol them,  but  it  is  my  purpose  to  present  you  only  facts, 
which,  in  my  vocation  as  an  engineer,  I  have  been  many 
years  learning,  to  count,  measure  and  weigh  facts,  and  pre- 
sent only  facts,  not  theories.  This  investigation  is  from  ten 
to  twenty  years  ahead  of  the  times.  Men  to-day  are  too 
much  inclined  to  hire  people  for  the  least  dollars,  unless 
they  are  looking  for  a  president  or  treasurer,  and  as  the 
average  man  can  never  learn  to  use  a  microscope  carefully 
or  detect  differences  in  cotton  fibre,  the  microscope  is  not  at 
a  premium  in  the  mind  of  the  average  middleman.  Yet 
the  fact  remains.  We  are  throwing  away  time  and  money ; 
our  mills  are  not  earning  what  they  might  or  ought.  The 
cotton-planter  is  willing  to  raise  better  cotton,  but  the  spin- 
ner is  not  ready  or  willing  to  pay  for  it.  The  cheapest  stuif 
that  can  be  bought  for  a  certain  price  is  what  they  are  all 
looking  for.  Trouble  among  the  help  is  continuous.  Poor 
dividends  regular  in  the  most  of  cases.  And  where  is  the 
trouble  ?  You  have  seen  some  of  the  outlines  of  the  sub- 
ject, which  is  great  in  its  outreaching;  you  can  judge  for 
yourselves,  and  I  believe  any  audience,  whether  of  cotton- 
spinners,  mechanics  or  otherwise,  is  intelligent  enough  to 
judge  of  the  facts  when  presented.  Very  much  more  might 
be  said,  but  I  have  only  a  few  moments  before  my  train 
leaves,  and  I  must  thank  you  for  your  courteous  attention 
and  kindness.  I  can  truly  say  that  I  have  enjoyed  looking 
at  the  slides  on  the  screen  this  evening,  for  I  have  had  the 
best  lantern  service  this  evening  of  any  illustrated  lecture 
of  the  past  twelve  months. 
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The   army  of  KUKUANALAND. 


By  Otho  Eknest  Michaelis,  Ph.D. 
United  States  Army. 


\_A  lechire  delivered  before  the  Franklin  Institute,  March  11,  1887.1 

The  Lecturer  was  introduced  by  the  Secretary  of  the 
Institute,  and  spoke  as  follows : 

Members  of  the  Institute,  Ladies  and  Gentlemen  : 

I  have  had  many  misgivings  whether  or  not  the  subject  i 
of  to-night  would  yield  material  worth  your  hearing.  That . 
it  will  not  prove  unmitigatedly  stupid,  I  hope — relying  upon 
the  apparently  uniform  interest  that  all  good  citizens  take 
in  military  matters,  either  in  vivid  narrations  of  actual 
experience,  or  in  open  discussions  of  present  or  future 
policy.  I  suppose  the  majority  of  my  hearers  have  read 
Rider  Haggard's  "  King  Solomon's  Mines,"  and  will  recall 
Allen  Quatermain's  clear  and  simple  story  of  the  journey 
to  Kukuanaland.  You  may  recollect  that  in  the  introdiic- 
tion,  Quatermain,  recounting  the  many  things  upon  which 
he  might  have  dilated,  mentions  the  "  most  interesting  sub- 
ject of  the  magnificent  system  of  military'  organization  in 
force  in  that  country."  Ignosi  was,  you  remember,  placed, 
by  the  aid  of  Quatermain  and  his  friends,  upon  the  throne, 
which  his  bloodthirsty  Uncle  Twala  had  usurped.  After  his 
thirty  years'  wanderings  among  civilized  nations,  with  his 
quickness  of  perception,  his  retentive  memory,  and  his 
facile  adaptability,  you  may  be  sure  he  did  nothing  to  lesser 
the  military  ardor  and  prestige  of  his  people ;  on  the  con- 
trary, he  taught  them  all  that  he  believed  admirable,  the 
matured  results  of  long  experience,  observation  and  reflec- 
tion. Upon  these  results,  relating  both  to  technical  military 
details  and  to  the  broad  questions  of  the  relations  between 
the  people  and  the  army,  I  propose  to  dwell  this  evening. 
Kukuanaland  has  no  seaboard,  and  consequently  Ignosi's 
genius  avails  us  little  in  assisting  to  a  solution  of  what  is  to 
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us  the  question  of  the  hour — but  it  had  neighbors  to  be 
feared. 

You  remember  that  Infadoos  told  Quatermain,  soon  after 
his  entrance  into  the  land,  "  When  Twala,  the  King,  calls  up 
his  regiments  their  plumes  cover  the  plains  as  far  as  the  eye 
of  man  can  reach."  "And  if  the  land  is  walled  in  with  moun- 
tains,who  is  there  for  the  regiments  to  fight  with  ?"  "  Nay,  my 
lord,  the  country  is  open  there,"  and  again  he  pointed 
toward  the  north;  "and  now  and  again  warriors  sweep  down 
upon  us  in  clouds  from  a  land  we  know  not,  and  we  slay 
them." 

At  the  battle  of  Loo,  Quatermain  had  a  good  opportunity 
of  observing  the  conduct  of  the  soldiers,  of  whom  he  says, 
and  this  will  give  you  some  idea  of  the  character  of  the 
material  upon  which  Ignosi  worked,  "  Never  before  had  I 
seen  such  an  absolute  devotion  to  the  idea  of  duty,  and  such 
a  complete  indifference  to  its  bitter  fruits."  In  this  instance 
they  were  "  foredoomed  to  die." 

Indeed,  in  that  day,  before  Ignosi  reigned,  Quatermain 
tells  us  that,  "  In  Kukuanaland,  as  among  the  Germans, 
every  able-bodied  man  is  a  soldier,  so  that  the  whole  force 
of  the  nation  is  available  for  its  wars,  offensive  and  defen- 
sive." 

It  is  not  necessary  to  give  in  detail  the  conversations 
carried  on  with  the  Kukuanian  officials,  it  will  suffice  to 
report  the  conclusions  in  our  own  language,  and  I  propose 
to  present  to  this  evening's  audience  only  the  more  salient 
features  of  their  military  system,  such  as  strike  me  as  pos- 
sessing general  interest. 

Considering  its  extent  and  population,  the  standing  army 
of  Kukuanaland  is  very  small,  but  as  its  strength  was  fixed 
by  the  experienced  Ignosi,  we  must  assume  that  it  was 
large  enough  for  the  needs  of  the  country. 

Kukuanaland  is  a  land  of  workers — one  person  in  every 
three  of  the  whole  population  has  a  special  trade  or  occupa- 
tion ;  one  in  every  seven  is  a  farmer  or  stock  raiser;  one  in 
every  800,  a  lawyer;  one  in  every  770,  a  clergyman ;  one  in 
every  600,  a  doctor ;  one  in  about  even,'  200  is  a  teacher,  and 
one  in  every  2,000,  a  soldier. 
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"Soldiering"  is  consequently,  in  Kukuanaland,  a  select 
profession.  The  term  of  enlistment  is  short,  three  years,  the 
pay  is  excellent,  increasing  with  length  of  service;  the 
chances  of  promotion  fair.  In  case  of  death  in  service  a 
liberal  pension  is  provided  for  dependent  survivors.  After 
eighteen  years  the  soldier  may  retire  on  half  pay;  after 
twenty-four  years,  on  three-quarter  pay,  and  after  thirty 
years,  or  in  case  of  disability,  on  full  pay. 

After  one  enlistment,  honorably  terminated,  the  soldier 
has  the  first  right  to  present  himself  for  examination  as  a 
candidate  for  any  vacancy  occurring  in  the  civil  service  of 
the  government,  for  which  he  has  presiimable  qualification. 
Soldiers  are  prohibited  from  marrying,  a  wise  provision  as 
will  be  seen,  consistent  with  Ignosi's  prominent  motive,  the  . 
maintenance  of  a  natural  military  spirit  among  the  people, 
an  economical  one,  as  it  tends  to  keep  the  retired  list  small; 
for  the  natural  desire  of  man  for  family  relations  induces 
many  young  soldiers  to  decline  re-enlisting  after  having 
served  one  or  more  terms.  One  hundred  officers  are 
appointed  every  year,  who  must  all  be  taken  from  the  army, 
in  compliance  with  rules  and  regulations  which  will  pres- 
ently be  mentioned.  The  age  of  original  enlistment  is 
between  seventeen  and  twenty-two  years,  excepting  for  grad- 
uates of  special  schools,  who  may  be  twenty-five;  all  soldiers 
between  these  ages  are  eligible  for  detail  as  cadets  at  the 
Government  Military  College,  and  the  selection  is  entirely 
dependent  upon  their  own  aptitude  and  application,  as 
determined  by  annual  examination. 

As  a  result,  every  vacancy  in  the  army  is  eagerly  sought 
for;  the  candidates  for  enlistment  being  so  numerous  that 
the  government  has  been  compelled  to  establish  the  most 
rigorous  limiting  rules. 

The  privilege  of  filling  a  certain  number  of  annual 
vacancies  has  been  granted  to  the  advanced  schools  and 
colleges  in  the  various  provinces  of  the  country,  whence 
candidates  are  accepted  on  competitive  examination.  Many 
bright  ambitious  young  men  enlist,  not  only  to  gratify 
inborn  military'  instincts,  not  only  with  the  hope  of  promo- 
tion, but  also  to  qualify  themselves  as  candidates  for  civil 
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positions.  Ignosi's  wise  policy  has  already  borne  fruit,  for 
experience  has  shown  that  the  young  man  who  has  the 
ability,  both  mental  and  physical,  to  serve  with  credit  at 
least  three  years  in  the  army,  as  a  rule  is  a  successful 
aspirant  for  the  civil  appointment. 

As  about  one  man  in  every  hundred  in  Kukuanaland  is 
a  government  employe,  it  is  readily  seen  that  gradually  a 
large  available,  well-trained  military  reserve  is  forming 
without  the  slightest  additional  expense,  for  all  officials 
must  serve  in  the  local  reserve,  of  the  formation  of  which  I 
will  say  a  word  in  passing. 

The  country  is  divided  into  departments,  whose  extent 
is  mainly  determined  by  geographical  considerations.  Each 
of  these  departments  has  its  own  organized  reserve,  in 
which  service  for  three  years  is  compulsory  upon  all  men 
over  twenty-one  years  of  age,  not  otherwise  exempted,  and 
with  which,  as  already  stated,  all  government  civil  officials 
must,  in  time  of  peace,  serve.  The  reserve  is  armed, 
equipped,  clothed,  and  while  in  practice-encampment,  fed 
and  paid  by  the  State.  Army  officers,  line  and  staff,  are 
detailed,  in  the  various  departments,  to  higher  reserve  posi- 
tions, to  insure  uniformity  of  drill  and  methods. 

The  army  is  apparently  numerously  officered,  about  one 
officer  for  every  ten  men,  but  when  the  nature  and  scope 
of  their  diities  are  considered,  the  number  is  not  too  large. 

There  is  only  one  way  in  Kukuanaland  to  a  commission 
— by  enlistment.  As  a  rule  the  line  appointments  are  made 
from  those  soldiers  who  have  successfully  passed  through 
the  course  at  the  Government  Military  College,  but  not 
infrequently  some  bright  non-commissioned  officer  will 
compete  successfully  for  an  appointment  with  the  graduates 
of  the  school. 

The  general  staff  of  his  army  has  been  a  subject  of 
much  thought  and  study  with  Ignosi.  It  appears  rather 
large  for  the  mere  wants  of  the  standing  arm}',  but  the  King 
constituted  it  to  meet  the  requirements  of  the  nation  even 
in  case  of  a  great  war.  Having  made  wise  provision  for 
the  constant  existence  of  a  strong  and  available  military 
element  among  his  people,  he  yet  felt  that  the  special  and 
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technical  duties,  so  vitally  important  for  the  successful 
prosecution  of  war,  could  satisfactorily  be  performed  only 
by  men  professionally  competent.  Hence  the  personnel  of 
his  grand  staff  was  large  enough  to  furnish  representatives, 
in  case  of  war,  to  all  the  principal  subdivisions  of  the  aripy, 
and  for  the  charge  of  all  its  main  supply  and  manufacturing 
depots.  While  thus  able  to  deal  with  the  affairs  of  an 
active  army  of  1,000,000  of  men,  its  functions,  in  time  of 
peace,  were  so  directly  connected  with  their  welfare,  that 
the  people  were  well  content  both  with  the  number  and 
rank  of  the  general  staff  officers. 

.As  with  all  other  branches  of  the  service,  these  officers 
are  appointed  from  the  ranks  after  competitive  examina- 
tions. 

To  obtain  officers  for  the  scientific  and  technical  staff 
corps,  Ignosi  has  availed  himself  of  the  studious  and 
industrial  characteristics  of  his  people.  Scientific  and 
technological  schools  are  found  everywhere  in  his  dominions 
and  their  graduates  or  advanced  students,  after  enlistment 
and  special  military  training  at  the  Government  Military 
'College,  are  examined  competitively  for  positions  in  the 
branches  of  the  staff.  When  vacancies  occur,  examining 
boards  are  appointed  in  every  military  department  of  the 
country,  and  those  who  pass  these  boards  are  ordered  to 
Loo,  the  capital,  where  a  final  examination  determines  the 
successful  candidate. 

The  elite  corps  in  the  Kukuanian  army  is  the  inspector 
general's.  An  assistant  inspector  is  appointed  yearly  from 
the  captains  of  the  army.  The  candidates,  selected  by  the 
primary  boards,  are  finally  examined  at  Loo  by  a  board 
consisting  of  the  commanding  general  of  the  army  and 
the  chiefs  of  the  grand  staff.  As  a  result,  all  the  captains 
are  ever  studying  to  reach  this  goal,  and  the  inspectors  are 
consequently  the  brightest  men  in  the  army. 

A  peculiarity  that  characterizes  the  administration  of 
military  justice  in  Kukuanaland  is  worthy  of  mention. 

There  are  no  courts-martial,  such  as  are  familiar  to  us, 
except  for  cowardice,  desertion  and  other  capital  offenses 
committed    in   the    presence   of  the  enemy,   and  for   spies 
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caught  red-handed.  Judges  properly  assigned  preside  at  all 
military  trials,  and  officers  constitute  the  jury,  which  renders 
a  verdict,  following  the  civil  law,  by  a  majority  vote.  The 
statutes  fix  the  punishment. 

Officers  may  retire  after  twenty  years  total  service  on  half 
pay;  after  thirty  years,  on  three-quarter  pay;  after  forty 
years,  they  may,  and  after  forty-five  years,  or  in  case  of  dis- 
ability, they  must,  retire  on  full  pay.  As  in  the  case  of 
enlisted  men,  liberal  pensions  are  given  to  dependent  sur- 
vivors. Officers  are  not  permitted  to  marry  before  they 
have  been  ten  years  in  service.  Here  again  Ignosi  has 
shown  his  far-reaching  wisdom.  For  most  active,  exposed 
service,  he  has  always  at  command  a  large  body  of  eager, 
enthusiastic  young  men,  untrammelled  by  immediate  family 
ties.  The  retired  list  is  kept  within  limits  by  the  numerous 
resignations  of  those  desiring  "  to  take  unto  themselves 
wives,"  and  who,  as  a  rule,  at  once  become  applicants  for 
civil  appointments,  and  thus,  in  most  instances,  become 
important  factors  in  the  potential  government  reserve. 

Of  course  my  limits  this  evening  are  too  narrow  to  per- 
mit my  entering  into  a  full  and  detailed  account  of  the 
manner  in  which  the  Kukuanian  army  is  armed,  equipped, 
clothed  and  fed.  This  must  be  reserved  for  some  future 
occasion.  Still,  I  believe,  that  a  recital  of  some  of  the 
deviations  from  accustomed  ways,  well  known  to  you  all, 
together  with  a  brief  r^s7anc  of  Ignosi's  reasons,  be  they 
good  or  bad,  for  such  deviations,  may  not  prove  too  great  a 
strain  upon  your  patience  and  good  nature.  In  his  wander- 
ings Ignosi  had  become  fully  convinced  of  the  truth  of  the 
nineteenth  century  canon  of  taste,  that  the  useful  must  be 
the  beautiful,  that  the  fit,  in  its  simplest  form,  is  most 
pleasing,  and  he  felt  that  the  sooner  the  military  taste  of 
his  countrj^men  were  educated  to  appreciate  the  justice  of 
this  standard,  the  sooner  they  would  become  imbued  with  a 
more  exact  military  spirit,  refiexively  producing  an  abler 
military  service.  He  had  seen  in  older  countries  famous 
horse-guard  sentinels  and  their  congeners  still  entrancing 
the  eyes  of  servant-maids  and  footmen,  he  had  seen  the 
bright  colors  and  glittering  trappings  of  holiday  soldiers 
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evoke  the  plaudits,  yet  want  the  respect,  of  crowded  streets, 
and  he  had  seen  thousands  of  earnest  men  fiofhtinof  for  a 
principle,  as  freemen  should,  without  crimson  and  gold. 
It  was  his  ambition  then  to  make  the  Kukuanian  soldier  a 
respected  working  member  of  a  busy  community,  a  man 
who  need  not  blush  because  his  tools,  his  clothes,  his  life 
were  the  useful  concomitants,  the  proper  exponent  of  his 
profession. 

As  Ignosi  had  no  desire  to  make  the  military  a  class 
apart,  but,  on  the  contrary',  to  have  it  considered  an  essential 
and  appreciated  portion  of  the  body-politic,  he  has  been 
more  impressed  with  the  self-voiced  personal  wants  of  sol- 
diers, in  countries  where  they  were  patriotic  citizens, 
endowed  with  all  their  rights,  duties  and  feelings,  than  with 
the  enforced  methods  of  those  other  countries  who  main- 
tained great  armies  for  dynastic  reasons,  where  soldiers 
were  considered  merely  as  "  food  for  powder."  Ignosi  had 
become  convinced  that  the  ideal  soldier  would  work  hard, 
march  long,  fight  well,  starve,  thirst  and  go  naked,  but  would 
not  embarrass  himself  with  what  he  considers  unnecessary 
■burdens.  He  acknowledged  that  the  soldier-citizen  would 
not  be  a  pack  mule. 

In  this  respect  the  soldier's  feeling  is  simply  an  uncon- 
scious evolution  of  the  Zeitgeist.  Stea.m,  electricity,  air,  the 
locomotive,  the  telegraph  and  telephone,  and  the  balloon 
are  mighty  activities,  not  changing,  but  widely  extending 
the  underlying  principle  of  all  warfare.  A  battle  is  an 
amplified  prize-fight.  When  our  modern  gladiator  stands 
in  the  arena,  his  antagonist  establishes  himself  just  beyond 
arm's  length.  This  idea  determines  battle  formations.  The 
opponents  array  themselves  just  beyond  the  natural  range 
of  their  weapons.  Hence,  since  the  first  battle  between 
Hercules  and  Antaeus,  the  formation  distance  between  com- 
batants has  increased  directly  with  the  reach  of  their  arms. 
A  line  of  battle  may  be  likened  to  a  Briareus,  his  many  arms 
cover  all  the  ground  in  front,  and  to  the  right  and  left  of 
him,  and  hence  follows  not  only  space  between,  but  also 
extension  of  the  lines.  So  to-day,  electricity  and  aeronautics 
afford  the  master  mind,  the  commander-in-chief,  a  practical 
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coup  d'ail,  almost  illimitable  in  extent  as  compared  with 
the  terrain  of  former  days.  Steam  gives  him  the  ability  to 
place  men  and  material  rapidh^  where  they  are  most  needed. 
Ignosi  recognized  this  modem  condition  of  warfare,  instinc- 
tively felt  and  acted  upon  by  patriotic  soldiers,  and  arrived 
at  the  inevitable  conclusion,  that,  all  else  being  granted, 
mobility,  power  to  accomplish  long,  arduous,  rapid  marching, 
was  the  great  desideratum  in  the  wars  of  the  future.  Cam- 
paigns would  be  short  and  decisive,  each  having  a  distinct 
objective,  and  supplies  in  bulk  for  repair  and  recuperation, 
for  renewal  or  continuance  of  operations,  would  have  to  be 
massed  at  suitable  points,  near  in  time,  independently  of 
the  operating  column.  Hence  his  soldiers  carried  only  their 
arms  and  ammunition,  a  haversack  with  a  capacity  of  four 
days'  rations,  a  tin  cup  able  to  stand  the  fare,  a  combined  tin 
plate  and  frj-'ing-pan,  forming  a  meat  can  (a  Yankee  notion), 
a  fork,  knife  and  spoon,  a  canteen  for  water,  and  a  hunting- 
knife. 

A  soldier  thus  "  outfitted  "  is  before  you  on  the  screen. 
The  hunting-knife,  of  a  special  design,  originating  with 
Lieut.  Rodman,  of  the  United  States  army,  is  worth  dwell- 
ing upon  for  a  moment.  The  shaft  is  built  up  of  leather 
washers  on  the  tang,  and  the  blade  has  the  cross-section 
shown,  heavier  towards  the  back,  so  that  it  may  be  handily 
used  for  hacking.  In  combination  with  the  blade  it  can  be 
utilized  in  emergency  in  throwing  up  effective  temporary 
intrenchments.  Carr\-ing  burdens  is  alwa^'s  a  disagreeable 
necessity,  and  hence  everything  should  be  done  to  make  it 
least  irksome.  You  see  here  that  the  chest  is  left  almost 
unrestricted,  and  a  zinc  shoulder-pad  has  been  attached  to 
the  haversack  and  canteen  straps  to  overcome  any  possible 
discomfort  resulting  from  their  "  stringing."  Ignosi  deemed 
the  fairly  accurate  judgment  of  distances  as  the  most 
important  element  in  military  firing.  It  is  a  quality  that 
few  men  can  acquire  intuitively.  He  accordingly  supplied 
every  individual  in  his  army,  officers  and  soldiers,  with  tele- 
meters, instrurnents  for  determining  the  distance  of  an 
enemy.  No  complicated  mathematical  apparatus  is  prac- 
ticable, the  instrument  must  be  simple  in  manipulation,  and 
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give  instantaneous  correct  results.  He  has  adopted  this 
simple  little  device,  the  invention  of  Colonel  P.  Le  Bouleng6, 
a  distinguished  Belgian  officer,  which  gives  the  distance  by 
noting  the  time  elapsing  between  the  flash  and  the  report 
of  the  enemy's  fire,  and  automatically  translates  this  time 
into  yards,  as  the  air-velocity  of  sound  is  known.  It  malces 
allowance  for  changes  in  this  velocity  with  varying  tem- 
perature, and  includes  a  correction  for  an  average  personal 
equation.  The  officers  carry  this  little  instrument  in  their 
pockets,  and  the  men  in  the  buts  of  their  guns.  It  is  here 
on  the  screen,  where  you  can  also  see  depicted  the  method 
of  using  the  musket  telemeter.  One  additional  important 
use  is  worth  mentioning.  By  observing  the  explosion  of  a 
shell,  its  range  is  determined.  The  error  of  the  instrument 
is  within  the  dangerous  space  of  modern  weapons.  Ignosi 
has  abandoned  the  bayonet  in  his  army.  Still,  as  a  ramrod 
is  a  necessity  with  an  arm  using  metallic  ammunition,  on 
account  of  an  occasional  failure  to  extract,  he  has  availed 
himself  of  this  necessary  appendage,  and  has  made  it  avail- 
able as  a  pike.  I  take  pleasure  in  stating  that  this  ingenious 
device  is  due  to  an  American  officer.  Colonel  Buftington. 
Its  method  of  operation  is  shown  on  the  screen. 

For  carrying  small-arm  ammunition  for  single-loaders, 
Ignosi  has  adopted  the  Mills  cartridge  belt — before  you. 
The  cartridges  are  easily  taken  out  of  the  loops,  as  you  see. 
The  greater  portion  of  the  Kukuanian  army  is  supplied 
with  a  rapid-firing  single-loader,  a  most  excellent  weapon, 
but  for  two  reasons,  Ignosi  has  determined  gradually  to 
adopt  a  repeating  gun,  one  that  shall  be  as  good  as  the  best 
single-loader,  and  yet,  when  occasion  demands,  be  an  effi- 
cient magazine  arm.  These  reasons  are,  first,  in  an  engage- 
ment, a  crisis  may  come  when  it  is  of  vital  importance  to 
deliver  a  rapid,  continuous  fire,  a  veritable /f«  d'enfer,  with- 
out taking  the  piece  from  the  shoulder;  and,  secondly, 
because  in  winter  campaigns  the  cold  may  so  benumb  the 
fingers  that  the  handling  of  single  cartridges  becomes 
awkward.  When  a  man  pummels  you,  you  must  choose 
one  of  two  possible  alternatives,  pummel  back  or  run  away. 
So  in  battle,  and  I  shall  have  to  revert  to  this  idea  in  speak- 
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ing  of  the  Kukuanian  target  practice,  men  zvill  fire  at  each 
other,  and  with  modern  breech-loaders,  even  a  few  minutes' 
firing  entails  enormous  expenditure  of  ammunition.  The 
combatant  first  out  of  ammunition  is  apt  to  reserve  further 
fighting  for  "another  day."  Ignosi,  influenced  by  these  con- 
siderations, concluded  that  every  soldier  going  into  action 
must  carry  in  immediate  accessible  .shape  not  less  than  1 50 
-cartridges.  He  accomplished  this  by  radically  changing  the 
accustomed  method  of  packing.  Instead  of  the  usual  small 
boxes  holding  the  cartridges,  he  substituted  endless  muslin 
bands,  furnished  with  fifty  "casings,"  each  of  which  holds  a 
shell,  precisely  as  the  belt  does.  Immediately  preceding 
an  engagement,  two  of  these  bands  are  given  to  each  man, 
■who  slings  them  over  his  shoulder,  as  you  see.  This  plan 
also  permits  the  ready  supply  of  the  fighting  line,  by  means 
of  pack  mules  laden  with  these  bands  ready  for  distribution. 
Ignosi  has  adopted  a  detachable  magazine  gun,  apparently 
the  only  form  of  arm  that  fulfils  the  condition  of  being  as 
good  as  the  best  single-loader,  for  it  is  a  single-loader,  and 
yet  is,  when  required,  one  of  the  best  of  repeaters.  For  the 
personal  carriage  of  ammtinition,  he  has  adopted  the  same 
plan  as  for  the  single-loader,  a  magazine  belt  and  magazine 
bands,  as  is  shown  on  the  screen. 

As  regards  cavalry,  Ignosi  acted  in  accordance  with  con- 
clusions founded  upon  the  general  drift  of  modern  experi- 
ence, and  upon  the  inevitable  necessities  of  future  battle 
formations.  The  results  of  experience  induced  him  to  con- 
sider cavalry  as  mounted  infantry,  and  the  "  trooper's " 
special  equipment  differed  in  no  respect  when  mounted 
from  what  it  was  when  afoot. 

The  horse  is  furnished  as  a  means  of  rapid  transportation, 
and  everything  additional  carried  was  intended  for  his  com- 
fort, and  not  for  the  rider's.  Ignosi  recalled  the  telling 
effect  of  even  small  weights  upon  the  animal's  endurance, 
as  shown  especially  in  handicap  races,  and  he  insisted  that 
the  living  vehicle  should  be  laden  as  lightly  as  possible, 
hence  the  horse  carried  nothing  but  what  was  needed  for 
his  health,  his  sustenance,  his  security,  his  management, 
with  a  single  exception  to  be  presently  noted.     The  neces- 
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sities  of  future  battle  formation,  by  which  Ignosi  meant,  in 
a  word,  greatly  extended  lines,  require  that  the  command- 
ing general  should  have  it  in  his  power  to  hurl  a  sufficient 
force  rapidly,  unexpectedly,  upon  some  exposed  point,  and 
therefore  Ignosi  provided  for  heavy  iiwitnted  reserves,  that 
could  be  promptly  entered  at  the  weak  spot. 

As  the  ordinary  carriage  of  the  rifle  and  reserve  ammuni- 
tion would  prove  impracticable  in  such  fierce  riding  as  might 
on  occasion  be  required,  Ignosi  has  adopted  the  invention 
of  an  American  cavalry  officer,  Captain  Hunter,  and  has 
attached  to  the  saddle,  gun  and  ammunition  pockets,  as 
shown  on  the  screen. 

A  few  words  on  the  Kukuanian  target  practice  are  in 
place  here.  Ignosi  had  observed  that  a  mark  which  fired 
back  had  a  decidedly  quickening  effect  upon  the  marksman. 

As  remarked  already,  fired-at  necessitates  firing-back,  or 
shelter.  Under  such  circumstances  a  man  must  be  kept 
busy;  the  immediate  work  at  hand  is  firing  his  piece,  and 
he  will  "peg  away  "  as  long  as  his  ammunition  lasts,  and  as 
rapidly  as  his  arm  permits.  Under  such  exciting  strain,  the 
average  soldier  will  not  tarry  to  assume  correct  school 
positions  for  aiming  and  firing,  he  will  "blaze  away." 

Ignosi  had  seen  men,  tolerably  taught  soldiers,  firing 
under  excitement,  and  he  had  noticed  that  as  far  as  aiming 
was  concerned,  they  had  apparently  recalled  the  axiom  that 
two  points  determine  a  straight  line,  had  drawn  a  "bead" 
from  the  rear  sight  to  the  object,  and  had  contentedly  fired. 
The  result  is  shown  on  the  screen.  To  make  certain  that 
at  least  the  muzzle  of  the  gun  is  presented  at  the  object, 
Ignosi  attached  to  his  arms  a  small  tube  as  rear  sight.  You 
see  that  if  the  piece  is  at  all  aimed,  it  must  be  pointed 
correctly. 

To  simulate  the  excitement,  shifting  distances,  noise  and 
smoke  of  actual  battle,  Ignosi  provided  for  practice  mov- 
able skeleton  targets  representing  advancing  lines,  which 
were  pushed  by  small  steel-clad  traction  engines,  whose 
shrieking  and  puffing  gave  life  to  the  movement.  In  addi- 
tion, each  was  furnished  with  a  small  Gatling,  firing  blank 
cartridges,  whose  sharp  reports,  by  their  aggressive  sugges- 
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tiveness,  enhanced  the  value  of  the  practice.  Of  course  he 
had  exact  sharp-shooting  competitions  at  long  ranges,  one 
feature  of  which  is  worth  mentioning.  No  marker  was  ever 
exposed  during  the  practice.  A  bullet-proof  shelter  was 
placed  in  front  and  to  the  side  of  the  target.  In  this  the 
observer  recorded  the  hits  by  means  of  a  lens  and  reflecting 
prism  upon  a  miniature  target,  which  formed  part  of  a  fac- 
simile telegraph  circuit.  The  marksman  thus  saw  at  once 
at  his  side  the  exact  position  of  his  hit. 

Ignosi  had  made  artillery  a  special  subject  of  study ; 
he  recognized  its  predominant  importance,  for  he  had  seen 
on  e  of  the  greatest  wars  of  modern  times  decided  by  a  superior 
artillery  opposed  to  a  better  armed  infantry-.  In  his  study 
of  this  branch  of  military  science,  he  had  been  struck  by 
the  fact  that,  with  the  exception  of  the  recent  general  intro- 
duction of  rifled  guns,  whose  superiority  had  been  foretold 
a  centurj'  and  a  half  ago,  there  had  been  no  radical  change 
since  the  original  introduction  of  cannon  as  an  offensive 
arm.  There  had  been  many  changes  of  detail,  necessitated 
principally  by  modern  improvement  in  manufacturing  pro- 
cesses, but  aside  from  these,  in  its  general  aspect,  he  found 
the  artillery  of  to-day  what  it  had  been  in  the  wars  of  Fred- 
erick and  Napoleon.  In  the  equipment  of  infantrj',  the 
great  underlying  principle  of  modem  warfare  had  been 
relentless!}'  applied,  everything  that  was  not  absolutely 
essential  had  been  lopped  off,  ever\'thing  had  been  surren- 
dered for  the  attainment  of  the  cardinal  requisite,  mobility. 
Artillery  carriages  have  been  strengthened,  guns  have  been 
strengthened  and  are  now  loaded  at  the  breech,  powder  has 
been  strengthened,  but  no  emphatic  departure  from  the  old 
system  has  been  obtained. 

The  complete  carriage,  the  fourgon,  the  wagon  that 
carries  the  pieces,  is  to-day  in  principle  what  it  was  when 
Gustavus  Adolphus  adopted  it.  The  batter\--wagon  and 
forge,  one-third  of  the  battery  effective,  are  apparently 
deemed  as  necessary'  to-day,  when  every  campaign  condition 
has  changed,  as  they  were  during  the  march  to  Moscow. 
He  found  that  the  projectiles  of  to-day,  all  metal,  weather- 
proof, the  powder  of  to-day  so  dense  as  to  be  almost  mois- 
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ture-repellant,  guarded  as  jealously  as  when  soft  wood  sabots 
had  to  be  kept  from  swelling,  as  when  the  loose,  absorbent, 
explosive  mixture  of  the  days  of  yore  was  cherished  as  a 
precious,  mysterious,  sensitive  chemical. 

Ignosi  had  studied  the  cause  of  this  universal  adhesion 
to  traditional  requirement.  He  had  endeavored  to  discover 
the  reason  why  this  most  important  arm  of  the  service  did 
not  progress  in  sympathy  with  the  Zeitgeist,  the  remorseless- 
pruning  spirit  of  the  age.  He  attributed  it  to  the  influence 
of  heredity  ;  he  considered  it  a  most  remarkable  instance 
of  the  persistence  of  ancestral  traits.  When  guns  were  set 
up  for  battle  use  they  were  rare  and  complicated  construc- 
tions, replacing,  not  because  more  simple,  but  because  of 
greater  power,  cumbersome  mechanical  devices,  like  cata- 
pults, whose  services  required  artificers,  skilled  for  the 
time,  and  not  combatant  soldiers.  These  first  cannon  occu- 
pied fixed  positions,  as  did  their  prototypes,  required  equally 
complicated  service,  and  their  attendants  were  out  of  the 
hand-to-hand  din  of  the  fight.  Ignosi  noted  that  althougk 
cannon  and  arquebuse  were  almost  contemporaneous  in 
development,  yet,  curiously,  their  use  blindly  followed  the 
rule  of  the  bow  and  the  trebuchet.  A  feudal  serf  could 
bend  the  bow,  therefore  lie  could  use  the  missile  weapon 
that  replaced  it.  It  required  science  to  operate  the  trebu- 
chet, hence  only  peculiarly  skilled  men  could  be  entrusted 
with  its  successor,  the  cannon.  For  centuries  now,  by  a 
most  marvellous  exhibition  of  transmitted  esprit  de  corps,  this 
fictitious  distinction  has  been  cherished,  and  is  evidenced 
to-day  in  the  good-natured  tolerance  of  the  artilleryman  for 
his  brother-soldier,  the  "  mud-crusher."  Of  course,  the  com- 
plicated machinery  of  the  middle  ages  has  necessarily  disap- 
peared, but  for  every  hampering  element  "downed,"  a  new 
one,  from  Ignosi's  point  of  view,  has  sprung  into  vigorous 
existence.  To-day,  the  development  of  the  capabilities  of 
small-arm  fire  requires  as  much  science,  personal  skill,  judg- 
ment, nerve  for  its  useful  application,  as  does  the  service  of 
field  guns.  A  plucky  fellow  can  go  around  the  world  on  a 
bicycle,  carrying  his  repair  material  in  his  pocket,  but  a 
four-gun   battery,  to    the    reproach    of    nineteenth-century 
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military  progress,  cannot  apparently  go  through  a  short 
campaign,  without  trundling  along  a  village  smithy  and  a 
country  store.  Ignosi  had  looked  aghast  at  the  latest  tools 
and  stores  to  be  carried  in  the  forge  and  battery-wagon, 
every  item  of  which  he  had  been  assured  was  essential. 
You  also  have  the  opportunity — the  lists  and  the  note  recalls 
the  famous  work,  "  De  omnibus  rebus,  ct  qiiibjisnam  aliis."  Yet 
he  had  seen  such  a  storehouse  on  wheels,  which  had  gone 
through  a  four  years'  war,  "  turned  in "  with  many  of  the 
original  packages  unbroken,  explained  by  the  captain's 
statement  that  he  "had  had  something  else  to  do  than  to 
paint  and  oil."  The  old  glamour  "doth  hedge"  everything 
connected  with  the  artillery  service,  nowhere  more  pointedly 
shown  than  in  the  mediaeval  precautions  still  deemed  neces- 
sary for  the  transportation  of  cartridges  and  projectiles  for 
cannon,  a  far  pimpler  problem  to-day  than  the  secure  carri- 
age of  that  equally  essential  element  for  the  usefulness  of 
the  command,  its  supply  of  sugar.  Ignosi  was  incontestably 
impressed  with  the  existence  of  this  inherited  sentiment  by 
the  exhaustive  discussions  he  had  heard  regarding  the 
proper  service  of  machine  guns,  the  simplest  of  modern 
weapons. 

An  infantry  officer  is  entrusted  with  fifty  or  a  hundred 
men,  he  raust  teach  them  to  aim,  fire  and  hit,  he  has  numer- 
ous and  variable  personal  equations  to  contend  with,  he 
must  get  his  men  habituated  to  the  otherwise  demoralizing 
effects  of  recoil,  he  must  judge  distances  and  correct  errors, 
and  his  ability  to  do  all  this  is  not  impugned.  But  mount  a 
portion  of  these  same  barrels  in  a  rigid  frame  on  wheels, 
eliminate  recoil  and  personalities,  fire  them  by  turning  a 
crank,  almost  without  the  possibility  of  an  accident,  the  suc- 
cessor of  the  archer  must  retire,  and  the  descendant  of  the 
catapultist  take  his  place.  Ignosi  determined  to  break 
through  these  trammels  of  tradition  and  to  bring  his  artil- 
lery in  sympathy  with  the  military  progress  of  the  age,  to 
make  it  as  mobile  as  its  twin  sister,  the  infantry.  He  took 
up  the  question  in  detail,  (i)  He  considered  the  gun-car- 
riage and  limber  as  a  wagon,  you  see  a  fair  exemplar  of  the 
usual  vehicle  on  the  screen.     It  is  a  wagon  with  a  flexible 
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reach  and  a  rigid  pole.  Nowhere  had  he  found  such  another 
construction.  In  all  his  wandering's  he  had  never  met  a 
four-wheeler  in  which  these  conditions  were  not  exactly 
reversed.  Every  wagon  he  had  seen  had  a  rigid  reach  and 
a  hinged  pole.  As  this  was  the  universal  method  Ignosi 
adopted  it.  He  had  heard  artillery  officers  complain  of  the 
vertical  "  thrashing "  of  the  pole  as  destructive  to  their 
horses,  many  ingenious  plans  had  been  suggested  for  the 
amelioration  of  this  evil,  none  of  which,  however,  struck  at 
its  root.  Its  cause  is  easily  understood  ;  the  limber  wheels 
meet  an  ineqiiality  and  are  checked  ;  the  rigid  pole,  owing 
to  the  pressure  of  the  trail,  goes  up,  the  carriage  wheels 
next  strike,  the  trail  goes  up  and  the  pole  down,  to  the  great 
discomfort  of  the  horse.  Hence,  in  travelling  over  rough 
ground,  there  is  a  constant  scissors-like  opening  and  shutting 
between  carriage  and  limber,  transmitted,  of  course,  in  an 
increased  ratio,  to  the  end  of  the  pole. 

Yet,  as  artillery  carriages  cannot  choose  their  roads,  there 
must  be  give  in  the  construction,  customarily  obtained  in 
every-day  practice  by  springs. 

Furthermore,  there  must  be  a  simple  means  of  rapidly 
converting  the  gun-wagon  into  a  gun-carriage,  adequate  to 
sustain  the  piece  in  firing.  These  two  essential  conditions 
have  for  centuries  been  well  met  by  the  established  lunette 
and  pintle  connection,  a  strong  junction,  yet  affording  an 
easy,  quick  and  simple  means  of  disjoining  limber  and  car- 
riage. Because  it  fulfilled  these  necessary  requirements  so 
satisfactorily,  this  joint  has  maintained  itself  to  the  present, 
notwithstanding  that  when  it  is  considered  a  part  of  a  gun- 
wagon,  it  violates  the  elementary  principle  of  teaming,  a 
virtually  stiff  connection  between  front  and  hind  wheels.  A 
rigid  pole  is  a  logical  sequence  of  a  hinged  reach,  for  in  this 
case,  as  seen,  there  is  no  other  provision  for  keeping  the 
limber  body  horizontal,  nothing  else  to  prevent  its  contin- 
uous "wobbling"  up  and  down.  Ignosi  formulated  the 
essential  qualities  which  his  carriage  must  possess  thus: 

A  rigid  reach;  a  hinged  pole;  a  universal  joint  arrange- 
ment, replacing  the  fifth  wheel  and  springs  of  ordinary 
vehicles ;  a  sure  method  for  rapidly  limbering  and  unlim- 
bering. 
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It  would  consume  too  much  time  to  describe  in  detail 
how  he  accomplished  this — a  model  is  before  you,  and  the 
construction  is  shown  on  the  screen.  The  reach  is  rigid 
vertically,  movable  horizontally,  the  limber  "  drawhead  "  can 
revolve,  the  pole  is  hinged  vertically,  the  three  together 
operate  as  a  universal  joint.  The  pintle  is  long  enough  to 
afford  an  instantaneous  connection  should  circumstances 
demand  it. 

Mobility  requires  rapid  manoeuvring.  The  latest  carriage 
has  a  turning  angle  of  55° — Ignosi's  a  normal  turning  angle 
of  90^,  an  emergency  angle  of  over  100°.  To  attain  this 
desirable  end,  Ignosi  abolished  the  pintle  hook  and  substi- 
tuted a  "  drawhead,"  suggested  by  universal  railroad 
practice.  Usually  this  is  checked  by  chains,  yet  allowing 
the  spring  to  act  slightly — thus  saving  many  a  shock  to  the 
horses.  In  actual  combat  the  chains  are  unhooked,  thereby 
giving  the  spring  full  play. 

As  the  "drawhead"  had  to  be  long,  it  required  support. 
Ignosi  upheld  it  accordingly  in  the  familiar  manner,  by  a 
truss,  as  you  see.  But  this  interfered  with  the  carriage  of 
the  time-honored  ammunition  chest,  so  Ignosi  gave  it  up. 
He  adopted  an  ammunition  box,  holding  three  rounds, 
weighing  about  fifty  pounds,  with  cover  cleverly  fastened, 
as  you  can  see,  a  device  due  to  Colonel  Williston,  of  the 
American  artillery.  Sixteen  of  these  packing-boxes,  forty- 
eight  rounds,  a  greater  number  than  are  generally  carried, 
are  placed  on  the  limber,  and  are  lashed,  if  necessary,  just 
as  any  other  load  would  be.  The  cartridges  are  packed  in 
paper  bags,  perfectly  water-proof,  hermetically  sealed,  and 
easily  torn  off  in  action.  Ignosi  designs  that  these  boxes 
should  also  replace  the  pouches  used  in  carrying  the  ammu- 
nition to  the  gun. 

When  the  limber  becomes  a  two-wheeler,  the  simple 
device  shown  on  the  screen,  a  movable  sleeve,  locks  the 
pole,  and  it  may  gallop  off  for  further  supplies,  or  be  used 
as  any  cart  might.  A  permanent  seat  is  available  for  the 
cannoneers,  and  capacious  receptacles  are  gained,  in  which 
everything  necessary  for  casual  repairs  is  carried,  all  with- 
out important  change  of  dimensions,  thus  enabling  him 
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to  dispense  entirely  with  the  ancient  forge  and  battery- 
wagon.  For  the  rare  cases  in  which  a  forge  may  be  deemed 
desirable,  Ignosi  had  adopted  the  miner's  pattern,  modified 
by  Colonel  Whittemore,  and,  as  here  shown,  it  is  readily 
stowed  in  the  limber  boot.     The  occasions  for  its  use  in 

» 

Kukuanian  campaigns  will  be  rare,  for  "cold  shoeing"  is 
an  assured  success,  mild  steel  has  replaced  iron,  and  Ignosi 
has  adopted  the  Clarke  tj'pe  of  wheel,  shown  in  model  and 
on  the  screen,  which  can  be  "knocked  down  "  and  assembled 
without  the  aid  of  wheelwright  or  blacksmith,  making  the 
replacing  of  a  broken  felloe  or  spoke  a  very  simple  matter. 

Ignosi  had  seen  the  destructive  effects  upon  the  carriage 
of  the  severe  recoil  strains  due  to  modern  light  guns,  long 
projectiles  and  heavy  charges — this  he  endeavored  to  over- 
come by  the  device  shown  in  model  and  projection,  a  recoil 
jacket,  in  which  the  gun  moves,  very  much  as  the  piston-rod 
does  in  the  cylinder. 

The  spring  "  takes  "  the  initial  shock,  and  thus  saves  the 
carriage. 

Ignosi  placed  the  machine  gun  in  the  same  category  as 
the  revolver ;  for  offensive  purposes  he  considered  it  the 
weapon  of  the  instant.  He  adopted  the  latest  Gatling  with 
the  Accles  positive  feed,  rendering  it  available  for  fire  at 
any  angle. 

As  this  gun  can  fire  1,200  rounds  per  minute,  to  make  it 
an  integral  factor  of  an  advancing  line  would  require  an 
amount  of  ammunition  impracticable  to  carry  with  it. 
Hence  Ignosi,  while  recognizing  its  great  value  for  defensive 
purposes,  each  piece  virtually  representing  under  these 
'circumstances  a  full  company,  did  not  deem  it  a  feasible 
element  in  the  engaged  line  of  battle.  His  reserve,  how- 
ever, was  plentifully  supplied  with  Catlings,  each  gun  fully 
equipped  with  3,600  rounds,  ready  for  use ;  in  other  words, 
with  thirty-six  charged  Accles  drums,  equivalent  to  three 
minutes'  furious  volley  firing.  He  appreciated  that  in  every 
great  battle  a  moment  might  come  in  which  a  far-seeing 
commander,  by  a  rapid  concentration  of  aggressive  force, 
without  laying  bare  any  portion  of  his  main  line,  might,  by 
the  coup  de  main,  overwhelm  the  enemy.     And  for  this  pur- 
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pose  he  deemed  the  machine  gun  a  valuable  auxiliary 
offensive  weapon. 

The  clock  warns  me  that  I  must  afford  release  to  your 
compulsory  attention,  else  I  would  dwell  upon  the  many 
other  changes  made  by  Ignosi.  I  would  like  to  describe, 
for  instance,  his  artillen,-  harness,  planned  upon  that  used 
with  steam  fire-engines  ;  to  tell  you  how  he  got  rid  of  the 
destructive  punching  and  cutting  of  straps  to  make  them 
fit;  to  dwell  upon  his  barracks,  his  mess  outfits,  his  simple 
methods  of  obtaining  and  accounting  for  repair  material. 
I  would  like  to  go  into  details  regarding  the  kind  and 
quality  of  clothing  used,  to  indicate  the  methods  by  which 
he  secured  unadulterated,  unrobbed  food  for  his  men.  But 
time  forbids ;  I  shall  only  add  that  he  believed  thoroughly 
that  practical  zvays  used  and  approved  by  the  community  at 
large  must  be  good,  and  he  therefore  made  it  a  fixed  rule  to 
apply  them  to  the  army  methods. 

The  knowledge  he  had  gained  by  his  own  experience,  his 
method  of  gaining  it,  by  friendly  intercourse  with  keen. 
thinkers,  by  constant,  intelligent  observation  and  examina- 
tion of  what  the  workers — they  who  strive  hard  for  neces- 
sary profit — do,  he  grafted  upon  the  military  system  of  his 
country. 

To  us,  Ignosi  is  an  iconoclast.  He  has  broken  the  idols 
of  the  fathers;  he  has  dissipated  the  traditions  of  the  ages; 
he  has  extirpated  the  last  vestige  of  feudalism,  and  he  has 
made  the  Army  of  Kukuanaland,  of  the  people,  for  the 
people,  loved,  honored,  respected  by  all. 
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EXPERIMENTS  MADE  at  the  NEW  YORK  NAVY 
YARD,  TO  DETERMINE  THE  RELATIVE  ECONOMIC 
EFFICIENCY,  in  PROPORTION  of  WEIGHT  of 
vSTEAM  USED  to  WEIGHT  of  WATER  LIFTED,  of 
.\  RECIPROCATING-PUMP,  a  ROTARY-PUMP,  \vv>  a 
STEAM  SIPHON-PUMP,  all  three  being  AUXILI- 
ARY STEAM-PUMPS  for  VESSELS,  and  RAISING 
WATER  to  the  same  HEIGHT. 


By  Chief  Engineer  Isherwood,  U.S.N. 


The  following  experiments  were  made  under  the  direc- 
tion of  the  writer  at  the  New  York  Navy  Yard  during  the 
months  of  March  and  April,  1867,  to  ascertain  the  weight  of 
water  lifted  through  a  given  height  per  pound  weight  of 
steam  expe^ided,  by  means  of  a  reciprocating-pump,  a  rotarj'- 
pump,  and  a  steam  siphon  pump.  The  reciprocating  and 
rotary-pumps  were  constructed  for  auxiliary  steam  pumps 
on  board  steamers,  to  pump  water  into  and  out  of  the  boilers, 
and  also  from  the  vessel  overboard.  The  siphon  pump 
was  constructed  for  the  latter  purpose  only.  The  experi- 
ments were  conducted,  and  with  the  utmost  accuracy,  by 
First  Assistant  Engineer  Clark  Fisher,  U.  S.  N. 

DESCRIPTION  OF  THE  PUMPS. 

The  Rcciprocating-Piimp  used  is  known  as  "  The  Wood- 
ward patent  improved  safety  Steam-Pump  and  Fire 
Engine."  It  is  of  the  No.  4  size.  The  steam  cylinder  is 
inches  in  diameter  and  the  stroke  of  its  piston  is  6  inches. 
The  diameter  of  the  steam  piston-rod  is  if  inches, making  the 
average  net  area  of  the  piston  for  a  double  stroke  62-414  square^ 
inches.  The  cylinder  is  horizontal,  and  uses  the  steam  without 
expansion  and  without  condensation.  The  steam-valve  is  an 
ordinary  three-ported  slide,  and  is  worked  by  an  eccentric  on 
the  fly-wheel  shaft.  The  water  cylinder  or  pump  is  5  inches  in 
diameter  and  has  a  6-inch  stroke  of  piston,  the  rod  of  which 
is  if  inches  in  diameter,  being  a  direct  prolongation  of  the 
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rod  of  the  steam  piston.  The  average  net  area  of  the  pump 
piston  for  a  double  stroke  is  18-433  square  inches,  being  to 
that  of  the  steam  piston  in  the  ratio  of  rooo  to  3'386.  The 
steam  cylinder,  pump  cylinder,  and  fly-wheel  shaft  pillow- 
blocks,  are  supported  upon  a  horizontal  cast-iron  foundation- 
plate,  to  which  they  are  bolted,  the  axes  of  all  three  being 
in  the  same  horizontal  straight  line.  The  fly-wheel  shaft  is 
cranked  between  its  pillow-blocks,  and  is  revolved  by  an 
open  connecting-rod,  articulated  to  the  crank-pin  and  to 
two  cross-head  journals  supported  by  the  piston-rod  of  the 
steam  C3'linder  and  pump,  and  working  between  them.  One 
part  of  the  connecting-rod  works  on  one  side  of  the  pump, 
and  the  other  part  on  the  other  side ;  these  two  parts  are 
connected  by  a  cross-piece  lying  between  the  pump  and  the 
fly-wheel  shaft,  and  at  the  centre  of  this  cross-piece  is  the 
stub-end  of  the  connecting-rod  attached  to  the  crank-pin  by 
brasses,  secured  with  a  strap  and  key.  The  fly-wheel  is 
overhanging  on  one  side  of  the  foundation-plate,  and  the 
eccentric  is  overhanging  on  the  other  side.  The  pump  is 
provided  with  a  large  air-chamber.  The  suction  or  receiv- 
ing-pipe of  the  piimp  was  2|  inches  in  inside  diameter,  and 
3  feet  7  inches  in  length.  Its  cross  area  was  5-939  square 
inches,  or  in  the  ratio  of  rooo  to  3' 103  of  the  pump  piston. 
The  discharging-nozzle  was  of  the  same  inner  diameter, 
namely  2j  inches,  but,  for  the  purpose  of  the  experiment, 
the  discharging-pipe  bolted  to  it  was  of  only  i^  inches  inner 
diameter,  giving  a  cross  area  of  i'767  square  inches ;  the 
length  of  this  pipe  was  28  feet.  From  the  above  figures, 
the  mean  velocity  of  the  water  in  the  pump  and  in  the  dis 
charging-pipe  compares  as  rooo  to  1 0-43 2.  The  reason  why 
the  diameter  of  the  discharging-pipe  was  made  only  i^ 
inches  instead  of  2f  inches,  as  intended  by  the  pump  maker, 
was  to  secure  a  comparison  with  the  results  given  by  the 
rotary-pump,  the  discharge  orifice  of  the  latter  being  i^ 
inches  in  diameter,  as  intended  b}^  its  maker.  The  reduc- 
tion, however,  of  the  diameter  of  the  discharging-pipe  was 
unfair  to  the  reciprocating-pump,  as  it  produced  a  greater 
pressure  on  its  piston  than  if  the  intended  diameter  had 
been  used.     Each  pump  should  have  been  used  with  its 
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proper  diameter  of  discharging-pipe,  namely  \\  inches  for 
the  rotary-pump,  and  2f  inches  for  the  reciprocating-pump. 
These  two  types  of  pump  require  different  diameters  of 
discharging-pipe  for  the  delivery  of  equal  quantities  of 
water  in  equal  times,  as  the  discharge  from  the  rotary-pump 
is  continuous  and  uniform,  while  that  from  the  reciprocat- 
ing-pump is  intermittent  and  irregular. 

The  Rotary-Pump  {Fig.  /)  has  a  cast-iron  cylindrical  shell, 
with  the  proper  water-cavity  and  water-passages.  The  two 
ends  are  cast  separately  from  the  cylindrical  shell,  and  have 
water-passages  communicating  with  those  of  the  latter.  A 
wrought-iron  spindle,  with  stuffing-boxes,  passes  through 
both  ends,  and  gives  motion  to  a  cast-iron  hub  revolving 
within  the  water-cavity.  The  axes  of  this  hub  and  of  the 
water-cavity  do  not  coincide,  the  hub  being  eccentric  to  the 
cavity,  and  the  point  where  they  touch  is  made  water-tight 
by  a  brass  packing-ring  set  out  with  screws.  On  one  side 
of  this  point  the  water  is  received  through  a  pipe  of  2 
inches  inner  diameter,  and  on  the  other  side  it  is  discharged 
through  a  pipe  of  i^  inches  diameter.  The  ends  of  the  cavity 
are  lined  with  brass.  Within  the  revolving  hub  are  fitted 
three  equidistant  rectangular  pistons,  which  are  free  to 
move  radially,  that  is,  in  direction  from  the  centre  of  the 
hub  or  axis  of  its  spindle.  These  pistons  form  with  each 
other  angles  of  120  degrees,  and  their  outer  edges  are  kept 
in  contact  with  the  periphery  of  the  cavity  by  brass  pack- 
ing-strips set  out  with  springs.  For  tightness  against  the 
ends  of  the  cavity  these  pistons  depend  on  the  precision  of 
their  fitting-up.  As  the  hub  revolves,  the  three  pistons  are 
carried  around  with  it,  moving  at  the  same  time  radially  in 
and  out,  so  as  to  remain  in  contact  with  the  periphery  of 
the  cavity  notwithstanding  the  eccentricity,  and  thus  they 
force  the  water  before  them,  and  receive  it  into  the  vacuous 
space  left  behind  them.  This  system  requires  no  valves, 
and  produces  a  continuous  and  uniform  discharge.  It  is 
not  a  centrifugal-pump,  and  is  as  positive  in  its  action  as 
the  reciprocating-pump.  The  diameter  of  the  water-cavity 
is  7  inches,  and  its  breadth  is  5  inches.  The  pump  pistons 
displace   per  revolution    109   cubic   inches   by  calculation. 
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The  suction  or  receiving-pipe  was  5  feet  5  inches  long ;  the 
discharging-pipe  was  28  feet  long. 

The  rotary-pump  was  operated  by  the  same  steam  cylinder 
which  worked  the  reciprocating-pump.     The  latter  having 
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Fig.  2. — Steam  Siphon-Pump. 


been  disconnected  from  its  steam  cylinder,  a  3  inches  wide 
belt  was  carried  from  the  fly-wheel  to  a  pulley  on  the  spindle 
of  the  rotary-pump;  the  diameters  of  the  fly-wheel  and 
pulley  compared  as  2-3  to  ro,  consequently  the  pump  made 
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ri5  revolutions  to  each  single  stroke  of  the  steam-cylinder 
piston. 

The  Steam  Siphon-Pump  {Fig.  2)  is  simply  one  of  the  many 
applications  of  GifTard's  "Injector."  It  is  composed  as 
follows  :  Into  the  lower  part  of  a  hollow  brass  sphere  of  5f 
inches  outside  diameter,  are  screwed  obliquely  two  suction 
or  receiving  pipes  of  2  inches  internal  diameter,  their  axes 
making  an  angle  with  each  other  of  42  degrees.  Between 
these  pipes,  and  having  its  axis  in  the  same  plane  with 
their  axes,  is  screwed  a  nozzle  for  the  steam-jet ;  this  nozzle 
intrudes  into  the  sphere,  and  its  upper  end  is  one-third  of 
an  inch  above  the  centre  of  the  sphere ;  its  lower  end  pro- 
trudes below  the  sphere.  The  nozzle  forms  the  frustum  of 
a  cone,  with  inner  diameter  at  the  base  of  i^  inches,  and  a 
height  of  6J  inches ;  and  to  this  base,  or  lower  end,  is 
screwed  the  steam-pipe.  Immediately  over  this  nozzle,  and 
having  its  axis  in  the  same  straight  line  with  the  axis  of 
the  nozzle,  there  is  screwed  into  the  sphere  a  nozzle  for  the 
discharging-pipe ;  this  discharging-pipe  nozzle  is  an  inverted 
frustum  of  a  cone,  the  lower  inner  diameter  of  which  is  \\ 
inches,  and  the  upper  inner  diameter  2  inches ;  the  height 
of  the  inverted  frustum  is  4^  inches,  and  into  its  upper  end 
is  screwed  the  discharging-pipe,  2  inches  in  internal  diame- 
ter and  22  feet  in  length.  During  the  three  trials  with  the 
siphon-pump,  three  different  nozzles  for  the  steam-jet  were 
used ;  they  all  had  the  same  height  of  6f  inches,  and  had 
the  same  inner  lower  diameter  of  \\  inches,  but  the  upper 
inner  diameter  was  respectively  J,  ^  and  y-'^  inch,  according 
as  the  trials  were  made  with  steam  of  20,  30  and  40  pounds 
per  square  inch  above  the  atmosphere  in  the  boiler.  The 
vertical  height  between  the  top  of  the  steam-jet  nozzle  and 
the  bottom  of  the  discharging-pipe  nozzle  was  3  inches;  and 
the  top  of  the  steam-jet  nozzle  was  54  inches  above  the 
lower  level  of  the  water  lifted.  With  this  system  of 
pump  there  was,  of  course,  neither  valves  nor  piston,  and 
the  water  discharge  was  as  continuous  and  uniform  as  the 
steam  supply. 

The  pipe  supplying  steam  from  the  boiler  was  20  feet  6 
inches  long  and  i^  inches  in  inner  diameter.  It  was  thor- 
oughly covered  with  felt. 
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All  three  pumps  were  furnished  and  adjusted  by  their 
makers  for  these  trials. 

MANNER    OF   MAKING   THE   EXPERIMENTS. 

The  boiler,  tanks  and  pumps  employed  in  the  experi- 
ments were  sitviated  in  a  closed  wooden  shed,  and  Veil 
protected  from  the  weather.  The  steam  was  supplied  by  a 
small  boiler  placed  adjacent  to  the  pumps  and  used  entirely 
for  the  purposes  of  the  experiments. 

The  feed  water  was  pumped  into  the  boiler  by  a  small 
auxiliary  steam  pump,  which  drew  it  from  a  wooden  tank, 
lined  with  sheet  lead.  This  tank  was  filled,  by  gravity, 
from  the  Navy  Yard  hydraat,  and  the  feed  water  was  accu- 
rately measured  in  it  before  being  pumped  into  the  boiler. 
The  exhaust  steam  from  the  auxiliary  steam  pump  was  dis- 
charged through  a  coil  of  pipe  placed  in  a  small  cistern,  kept 
filled  with  cold  water  from  the  hydrant  for  the  purpose  of 
condensing  it,  and  was  discharged  in  the  form  of  water, 
back  into  the  feed-water  tank.  By  this  arrangement  the 
weight  of  water  measured  in  the  feed-water  tank  correctly 
represented  the  weight  of  steam  used  by  the  steam  cylinder 
working  the  reciprocating-pump  and  the  rotary-pump,  not- 
withstanding that  the  auxiliary  steam  pump  was  worked 
with  steam  from  the  same  boiler. 

Previously  to  commencing  an  experiment,  all  the  tanks, 
the  pumps  and  their  connexions,  and  the  boiler,  were  thor- 
oughly examined  for  tightness  against  water  leakage ;  the 
pumps  and  boiler  were  tested  under  the  maximum  steam 
pressure.  The  boiler  and  steam-pipes  were  well  covered 
with  felt,  but  the  steam  cylinder,  working  the  reciprocating 
and  rotary  pumps,  had  no  non-heat-conducting  protection. 

The  supply-tank,  from  which  the  water  was  lifted,  was 
of  plate  iron,  and  rested  on  the  floor  of  the  shed.  It  was 
filled,  by  gravit}',  partly  from  the  Navy  Yard  hydrant,  but 
chiefly  from  the  receiving-tanks,  and  the  filling  was  main- 
tamed,  by  the  more  or  less  opening  of  cocks,  at  such  a  rate 
as  to  keep  the  surface  of  the  water  at  a  fixed  level  while 
the  pumps  were  lifting  it.  The  water  was  lifted  to  a  verti- 
cal height  of  17  feet  8  inches,  through  a  discharging-pipe  of 
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1^  inches  inner  diameter,  the  length  of  which  for  the  recip- 
rocating and  rotary  pumps  was  28  feet,  and  for  the  steam 
siphon-pump  22  feet.  The  discharging-pipe  delivered  the 
lifted  water  for  measurement  into  two  receiving-tanks 
alternately,  the  one  tank  being  filled  while  the  other  was 
being  emptied,  and  so  on.  These  tanks  were  of  wood,  lined 
with  sheet  lead,  and  each  contained  exactly  160  cubic  feet 
of  water,  being  graduated  to  preciselj^  that  capacity  by  an 
overflow-pipe.  They  were  situated,  side  by  side,  on  an  ele- 
vated platform,  with  their  bottoms  carefully  leveled,  and 
were  filled  over  their  top  edges.  At  the  centre  of  the  bot- 
tom of  each  was  a  stop-cock,  and  from  it  a  pipe  discharged, 
by  gravity,  the  contents  of  the  tank  either  into  the  supply- 
tank  or  into  an  outside  drain. 

As  the  weight  of  feed  water  pumped  into  the  boiler 
was  the  exact  measure  of  the  cost  of  lifting  the  water  in 
the  different  experiments,  and  as  it  was  essential  to  the 
correct  making  of  these  experiments  that  the  boiler  pr  s- 
sure  and  position  of  the  throttle-valve  should  remain  con- 
stant during  each,  which  could  only  be  effected  by  the 
opening  or  closing  of  the  furnace-door,  thereby  rendering 
the  weight  of  coal  consumed  an  inaccurate  measure  of  the 
cost  and  of  no  value  in  ascertaining  the  results,  the  weight 
of  coal  consumed  has  been  omitted  in  the  table  containing 
the  data  of  the  experiments. 

The  experiments  with  the  reciprocating  and  rotarj' 
pumps  continued  seventy-two  consecutive  hours  each,  but 
with  the  siphon-pump  there  were  made  three  experiments, 
each  of  twenty-four  consecutive  hours,  in  order  to  ascertain 
the  effect  of  working  it  with  steam  of  different  pressure, 
namely,  of  20,  30  and  40  .pounds  per  square  inch  above  the 
atmosphere.  During  each  experiment,  the  conditions  were 
allowed  to  \a.ry  as  little  as  possible.  The  assistant 
engineers,  four  in  number,  and  their  attendants,  were 
arranged  in  watches  of  six  hours  each.  At  the  end  of  every 
hour  there  were  recorded  in  a  tabular  record,  by  the  engineer' 
of  the  watch,  the  average  temperature,  in  degrees  Fahren- 
heit during  that  hour,  of  the  external  atmosphere  in  the 
shade,  of  the  interior  of  the  shed,  of  the  water  in  the  sup- 
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ply-tank  before  it  was  lifted  and  of  the  same  in  the  receiv- 
ing-tank after  it  had  been  lifted,  the  average  height  of  the 
barometer  and  the  average  steam  pressure   per  gauge  in 
the  boiler  in  pounds  per  square  inch  above  the  atmosphere. 
In  other  columns  were  recorded  the  number,  per  counter,  of  | 
single  strokes  made  during  the  hour  by  the  steam  piston 
and  pump  piston  of  the  reciprocating-pump,  the  number  of 
single  strokes  made  by  the  steam  piston  operating  the  rotary- 
pump  and  of  revolutions  made  by  the  piston  of  that  pump 
and  the  number  of  pounds  of  feed  water  pumped  by  the 
auxiliary  steam  pump  into    the  boiler,  weighed    into  the, 
ta;nk  used  for  that  purpose.     The  exact  time  at  which  each] 
receiving-tank  was  emptied  was  also  noted,  and,  at  the  end] 
of  each  experiment,  the  water  in  the  boiler  was  left  at  pre- 
cisely the  same  height  in  the  glass  water-gaiige  as  at  the! 
commencement,  and  with  the  same  steam  pressure  upon  it. 
The  data  and  results  of  the  experiments  will  be  found! 
in  the  following  table,  in  which,  for  facility  of  reference, 
the  quantities  are  grouped  and  the  lines  containing  them 
are  numbered,  but  previous  to  discussing  them  an  explana-I 
■  tion  of  the  quantities  will  be  given. 

EXPLANATION    OF    THE    TABLE    CONTAINING    THE   DATA   AND] 
RESULTS   OF  THE   EXPERIMENTS   MADE   WITH   THE   RECIP- 
ROCATING,   ROTARY    AND    SIPHON    PUMPS. 

Line  i  gives  the  time  at  which  each  experiment  com- 1 
menced. 

Total  Quantities. — Line  2  contains  the  diaration  of  each] 
experiment  in  consecutive  hours. 

Line  3  contains  the  number  of  cubic  feet  of  water  of  the! 
temperature  on  line  23,  lifted  through  the  height  of  17  feet] 
8  inches.  This  quantity  was  obtained  by  measurement  of] 
the  water  in  the  two  receiving-tanks. 

Line  4  contains  the  number  of  pounds  of  water  lifted! 
•  through  that  height.  It  is  obtained,  for  the  experiments! 
with  the  reciprocating  and  rotary  pumps,  by  multipljdngj 
the  quantities  on  line  3  by  the  weight  in  pounds  of  a  cubicj 
foot  of  water  of  the  temperature  on  line  23,  and,  for  the] 
experiments    with   the    siphon-pump,   by    multiph-ing    the] 
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quantity  on  line  3  by  the  weight  in  pounds  of  a  cubic  foot 
of  water  of  the  temperature  on  line  23,  and  adding  thereto 
the  quantity  on  line  5.  The  weight  of  water  lifted  by  the 
steam  siphon-pump  is  evidently  not  onty  the  weight  lifted 
from  the  supply-tank,  but  also  the  weight  of  feed  water 
(line  5)  pumped  into  the  boiler.  Of  course,  when  the 
siphon-pump  is  emploj^ed  for  pumping  out  the  hold  of  a 
vessel  or  similar  work,  the  commercially  valuable  work 
done  is  simply  the  weight  of  water  lifted,  exclusive  of  the 
steam  condensed  in  the  lifting.  The  whole  of  the  steam 
consumed  by  the  siphon-pump  is  liquefied  by  the  water 
lifted,  and  the  aggregate  weight  of  the  two  is  delivered 
into  the  receiving-tank. 

Line  5  contains  the  number  of  pounds  of  feed  water 
pumped  by  the  small  auxiliary  steam  pump  into  the  boiler. 
This  water  was  weighed  hourly  into  the  tank  from  which 
the  pump  drew  it,  and  gives  the  weight  alone  of  steam  con- 
sumed in  the  different  experiments  for  lifting  the  water 
from  the  supply  to  the  receiving  tanks,  but  not  for  feeding 
the  boiler. 

Line  6  contains  the  number  of  single  strokes  made  by 
the  piston  of  the  steam  cylinder  which  operated  the  recip- 
rocating and  rotary  pumps.  The  steam  cylinder  was,  of 
course,  double-acting. 

Line  7  contains  the  number  of  single  strokes  made  by 
the  piston  of  the  reciprocating-pump  and  of  revolutions 
made  by  the  piston  of  the  rotan,--pump.  The  reciprocating- 
pump  piston  was  double-acting,  and,  of  course,  made  stroke 
for  stroke  with  the  steam-cylinder  piston.  The  rotarj'-pump 
piston  made  ri5  revolutions  to  each  single  stroke  of  the 
steam-cylinder  piston,  being  geared  up  by  belt  and  pulleys 
with  diameters  in  the  ratio  of  I'O  to  2-3 ;  that  is,  the  pump 
piston  made  2-3  revolutions  to  each  double  stroke  of  the 
steam-cylinder  piston. 

Steam  Cylinder. — Line  8  contains  the  number  of  single 
strokes  made  per  minute  by  the  piston  of  the  steam  cylinder 
which  operated  the  reciprocating  and  rotary  pumps.  It  is 
the  quotient  of  the  division  of  the  quantity  on  line  6  by 
4,320,  the  number  of  minutes  the  experiments  lasted. 
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Line  9  contains  the  number  of  single  strokes  made  per 
minute  by  the  piston  of  the  reciprocating-pump  and  of  rev- 
olutions made  per  minute  by  the  piston  of  the  rotary-pump. 
It  is  the  quotient  of  the  division  of  the  quantity  on  line  7 
by  4,320. 

Line  10  shows  the  average  pressure  during  the  experi- 
ment of  the  steam  in  the  boiler,  in  pounds  per  square  inch 
above  the  atmosphere. 

Line  1 1  shows  the  position  of  the  throttle-valve ;  it 
remained  imaltered  during  each  experiment. 

Line  12  shows  the  average  height  of  the  barometer  in 
inches  of  mercury. 

Line  1 3  shows  the  estimated  mean  total  pressure  on  the 
steam  piston  in  pounds  per  square  inch  above  zero.  This 
was  not  obtained  by  direct  measurement,  but  was  estimated 
in  the  following  manner  :  The  reciprocating-pump  was  run 
at  the  experimental  speed  of  2i8|  single  strokes  per  minute, 
with  the  throttle-valve  wide  open,  and  the  boiler  pressure 
was  allowed  to  regulate  itself  under  these  conditions.  It 
was  found  to  be  20  pounds  per  square  inch  above  the  atmos- 
■  phere.  From  this  there  was  deduced  that  the  average 
mean  pressure  in  the  steam  cylinder  for  the  whole  stroke  of 
the  piston  would  be  4'8  pounds  per  square  inch  less,  or  I5"2 
pounds  per  square  inch  above  the  atmosphere,  making,  with 
the  atmospheric  pressure  (line  I2j  of  H'S  pounds  per  square 
inch,  30"0  pounds. 

Line  14  contains  the  estimated  back  pressure,  which 
would  be  the  atmospheric  pressure  of  I4"8  pounds  per  square 
inch,  and  something  more  to  expel  the  steam  into  it  from 
the  cylinder ;  that  something  more  was  assumed  to  be  07 
pound  per  square  inch,  making  the  total  back  pressure 
resisting  the  movement  of  the  steam  piston  I5"5  pounds  per 
square  inch  above  zero. 

Line  1 5  contains  the  estimated  mean  gross-effective  pres- 
sure on  the  steam  piston  in  pounds  per  square  inch.  It  is 
the  quantity  remaining  after  subtracting  from  the  quantity 
on  line  13  the  quantity  on  line  14. 

Line  16  contains  the  estimated  pressure  in  pounds  per 
square   inch   required   to  work  the   steam    piston    and   its 
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attached  pump,  per  se,  that  is  to  say,  without  the  load,  or 
with  the  water  in  the  supply-tank  shut  oflf. 

Line  17  contains  the  estimated  net  pressure  on  the  steam 
piston  in  pounds  per  square  inch.  It  is  the  pressure  devoted 
solely  to  the  lifting  of  the  water  from  the  supply  to  the 
receiving-tank. 

The  object  of  these  estimated  steam  pressures  in  the 
cylinder  is  to  obtain  a  reasonable  approximation  of  the  rela- 
tion which  the  total  pressure  employed  in  the  cylinder  bears 
to  the  pressure  utilized,  and  consequently  an  inference  as  to 
how  economically  the  total  steam  pressure  was  used.  Xow 
we  find  that  out  of  a  total  pressure  of  30  pounds,  and  for 
which  fuel  had  been  consumed  pro  rata,  only  1 3  pounds  were 
utilized,  or  43^  per  centum.  This  was  due,  however,  to  the 
unnecessarily  large  size  of  the  cylinder,  and  to  the  fact  that 
the  steam  was  used  without  condensation,  wherebv  the  back 
pressure  was  more  than  the  atmospheric  pressure.  Had 
the  cylinder,  while  doing  the  same  work,  been  of  the  proper 
size  to  have  worked  with  steam  of  30  pounds  per  square- 
inch  boiler  pressure,  and  a  wide  open  throttle,  the  mean 
total  pressure  on  the  piston  would  have  been  40  pounds  per 
square  inch,  and  the  back  and  friction  pressures  remaining 
constant  (17  pounds  per  square  inch  of  piston)  the  net  or 
useful  pressure  would  have  risen  to  23  pounds  per  square 
inch,  or  57^  per  centum.  Under  these  circumstances  the 
weight  of  steam  expended  to  do  the  same  work,  would  have 
been  decreased  in  the  inverse  ratio  of  43^  to  57^,  that  is 
would  have  been  in  the  case  of  the  reciprocating-pump,  onh^ 
18,082  pounds  instead  of  the  23,993  pounds; 'the  steam 
being  used,  as  in  the  experiment,  without  condensation  and 
without  expansion. 

Lines  18,  19  and  20,  contain  the  estimated  total,  gross- 
effective,  and  net  horse-power  developed  by  the  steam 
cylinder,  corresponding  respectively  to  the  piston  pressures 
an  lines  13,  15  and  17,  and  to  the  piston  speed  due  to  the 
aumber  of  its  single  strokes  as  given  on  line  8. 

It  has  already  been  explained  how  the  piston  pressures 
3n  lines  13,  15  and  17  were  obtained  in  the  case  of  the 
"eciprocating-pump,  and  how  from  them  resulted  the  horse 


288  Islierivood :  [j.  f.  I., 

power  on  lines  i8,  19  and  20;  but,  in  the  case  of  the  rotary- 
pump,  these  pressures  and  powers  were  differently  obtained. 
As  the  steam  cylinder  was  the  same  with  both  pumps,  and 
as  the  velocity  of  the  piston,  and  the  pressures  upon  it, 
could  not  have  materially  differed,  it  is  obvious  that 
for  correct  comparison  the  weight  of  feed  water  (line  5)  con- 
sumed in  the  two  cases  would  represent  accurately  the  rela- 
tive total  horse-power  developed  by  the  cylinder,  as  that 
power  expresses  the  entire  d^-namic  effect  produced  by  the 
steam,  including  overcoming  the  back  and  friction  pressures 
and  the  resistance  of  the  water  load,  etc.  Hence,  the  total 
horse-power  in  the  case  of  the  rotary-pump  (6715)  have 
been  obtained  from  the  total  horse-power  (6'204)  in  the  case 
of  the  reciprocating-piimp,  by  the  simple  proportion  of 
23,993  :  6"204::  25,970  :  6715.  The  total  horse-power  once 
known,  the  total  piston  pressure  (line  13)  due  to  it  was 
easily  calculated,  and  as  the  back  pressure  (line  14)  and 
friction  pressure  (line  16)  must  have  been  the  same,  with 
the  rotary-pump  as  with  the  reciprocating-pump,  the  gross- 
effective  pressiire  was  the  remainder  after  their  subtraction 
from  the  total  pressure.  From  these  pressures  the  gross- 
effective  and  net  horse-power  developed  by  the  steam  piston 
were  calculated  as  before. 

Tctnpcrattircs. — Lines  21  and  22  show  the  average 
temperatiire  in  degrees  Fahrenheit,  of  the  external  atmos- 
phere in  the  shade,  and  of  the  interior  of  the  shed,  during 
the  experiments. 

Lines  23  and  24  show  the  average  temperature  in  degrees 
Fahrenheit,  of  the  water  raised,  both  before  being  raised 
when  in  the  supply-tank,  and  after  being  raised  when  in  the 
receiving-tank.  These  temperatures  are  the  same  in  the 
cases  of  the  reciprocating  and  rotary  pumps,  but  differ  in 
that  of  the  siphon-pump,  owing  to  the  heat  communicated 
to  the  water  by  the  steam  in  its  condensation. 

Duty. — Lines  25  and  26  show  the  duty  performed  by 
the  consumption  of  one  pound  weight  of  steam  in  the  cases 
of  the  three  pumps.  By  "duty"  is  meant  the  net  or  useful 
effect  produced  per  unit  of  cost,  which  in  these  cases,  on 
line  25,  is  theweight  of  water  lifted  per  pound  weight  of  steam 
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from  the  supply-tank  to  the  receiving-tank;  including'  for 
the  rotary-pump  the  additional  weight  of  feed  water  pumped 
into  the  boiler  (line  5),  and  on  line  26  it  is  the  weight  of 
water  raised  one  foot  high  per  pound  weight  of  steam, 
expended. 

Pumps. — Line  27  shows  the  number  of  cubic  inches  of 
water  actually  discharged  by  the  reciprocating-pump  per 
single  stroke  of  its  piston,  and  the  number  of  cubic  inches 
of  water  actually  discharged  by  the  rotary-pump  per  revolu- 
tion of  its  piston.  These  quantities  were  obtained  by  divid- 
ing the  number  of  cubic  inches  of  water  lifted  (obtained 
from  the  number  of  cubic  feet  on  line  3)  by  the  number, 
respectively,  of  single  strokes  made  by  the  reciprocating- 
pump  piston,  and  of  revolutions  made  by  the  rotary-pump 
piston  (line  7). 

Line  28  shows  the  number  of  cubic  inches  of  space  dis- 
placement of  the  piston  of  the  reciprocating-pump  per 
single  stroke,  and  the  ntimber  of  cubic  inches  of  space  dis- 
placement of  the  piston  of  the  rotary-pump  per  revolution. 
Had  the  pumps  completelv  filled,  these  capacities  would 
have  represented  the  quantity  of  water  discharged  per 
stroke  and  per  revolution  per  piston. 

Line  29  .shows  the  fraction  which  the  quantity  on  line  27 
is  of  the  quantity  on  line  28. 

DISCUSSION   OF   THE   RESULTS. 

Siphon-Pump. — The  name  of  siphon-pump,  given  to  it 
by  its  manufacturers,  is  evidently  a  misnomer,  as  there  is 
no  siphon  action  whatever  involved.  This  pump  is  simply 
a  steam  injector  and  operates  on  that  well-known  principle. 

In  these  experiments  it  was  found  that  with  the  propor- 
tions used,  the  siphon-pump  operated  very  imperfectly 
with  boiler  steam  of  20  pounds  per  square  inch  above  the 
atmosphere,  and  that  it  would  not  operate  at  all  with  a 
less  pressure.  Even  with  the  20  pounds,  it  required  con- 
stant watching,  stopping  about  once  an  hour  with  heavy 
concussions  similar  to  those  made  by  blowing  steam  from,  a 
marine  boiler  through  the  bottom  of  the  vessel.  When 
thus  stopped,  a  pressure  of  25  pounds  was  required  to  start 
Whole  No.  Vol.  CXXVIII.— (Third  Series,  Vol.  xcviii.)  19 
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the  pump,  besides  cooling'  the  pump-chambers  by  forcing 
cold  water  down  the  discharging-pipe,  and  applying  it  to 
the  outside  of  the  same.  With  the  20  pounds  pressure  the 
temperature  of  the  supply  water  could  not  be  carried 
higher  than  60^  F. 

When  the  steam  pressure  was  raised  in  the  boiler  to  30 
pounds  per  square  inch  above  the  atmosphere,  the  pump 
worked  perfectly,  as  it  also  did  at  the  higher  pressure  of  40 
pounds,  beyond  which  the  strength  of  the  boiler  would  not 
permit  the  pressure  to  be  carried.  With  these  pressures 
the  highest  temperature  practicable  for  the  feed  water  was 
68°  and  71°  F.,  respectively. 

It  will  be  observed  there  were  three  experiments  made 
with  the  siphon-pump,  the  steam  in  the  boiler  being  car- 
ried respectively  at  20,  30  and  40  pounds  per  square  inch 
above  the  atmosphere.  As  the  pump  worked  satisfactorily 
in  the  last  two  cases  only,  and  as  the  economic  result  or 
duty  varied  in  them  but  a  trifle,  the  mean  of  those  two  will 
be    taken   for   the    correct    performance.      This  dut}'   was 

./660-355  -I-  66r8ii        \     ..      „  •,        r        .  •     j 

( "^-"^ =1     66 1  ■083    pounds    of   water    raised 

one  foot  high  by  the  expenditure  of  one  pound  weight  of 
steam.  As  this  duty  includes  the  weight  of  steam  itself 
expended  in  producing  it,  it  represents  the  entire  dynamic 
effect  produced  by  the  steam.  The  highest  temperature 
practicable  for  the  water  in  the  supply-tank  was  70°  F.,  and 
the  temperature  of  the  same  when  delivered  into  the  receiv- 
ing-tank was  100°. 

As  the  experiments  were  for  the  purpose  of  determining 
only  the  cost  in  weight  of  steam  consumed  in  lifting  water, 
the  increased  temperature  given  to  the  water  lifted  by  the 
siphon-pump  does  not  enter  as  an  element  in  the  comparison 
of  the  economic  performance  of  that  pump  with  the  eco- 
nomic performances  of  other  pumps.  The  water  lifted  was 
heated  about  30°  F.,  by  the  process  of  lifting  it,  and  M^hen- 
ever  such  heating  is  of  utility,  its  commercial  value  must  be 
included  in  estimating  the  comparative  performance  of  the 
pump.  The  exhaust  steam,  however,  from  the  cylinders 
driving  the  reciprocating  and  rotar}^  pumps,  could  be  used 
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for  the  same  heating  purpose,  but  would  require  additional 
and  especially  adapted  mechanism,  thereby  increasing  the 
money  cost  of  those  pumps. 

Rcciprocating-Pnnip.  The  duty  with  the  reciprocating- 
pump,  under  the  actual  conditions  of  the  experiment, -was 
2397'ooi  pounds  of  water  raised  one  foot  high  by  the  expen- 
diture   of    one    pound   weight   of  steam,  or  (  =j 

3'626  times  greater  than  that  of  the  siphon-pump,  including 
with  the  latter  the  pound  of  steam  itself.  It  will  be  recol- 
lected, however,  in  this  case,  that  the  steam  was  used  with- 
out expansion,  and  with  so  high  a  back  pressure  that,  taken 
in  conjunction  with  the  friction  pressure,  there  was  utilized 
of  the  total  pressure  only  43I  per  centum.  Let  us  suppose, 
however,  that  the  steam  had  been  used  with  the  same  boiler 
pressure  of  30  pounds  per  square  inch  above' the  atmos- 
phere, but  with  condensation,  the  back  pressure  being  3-5 
pounds  per  square  inch  above  zero,  and  the  friction  pressiire 
I '5  pounds  per  square  inch  of  piston,  the  steam  being  cut  off 
at  0'6  of  the  stroke  of  the  piston  from  the  commencement, 
then  the  total  indicated  horse-power,  with  a  very  small 
steam  cylinder,  would  be  obtained  for  about  40  pounds  o 
steam  per  hour.  The  mean  total  pressure  would  be  abou 
38  pounds  per  square  inch  above  zero,  of  which  (3'5  -f  1-5  ^ 
5  pounds  would  be  neutralized  by  the  back  and  friction 
pressures,  leaving  33  pounds  utilized,  or  86|  per  centum. 
As  the  total  horse-powers  developed  were  6'204,  at  40 
pounds  of  steam  per  hour  each,  the  consumption  of  steam 
would  have  been  248T6  pounds  per  hour,  or  1 7,867-52 
pounds  for  the  seventy-two  hours  of  the  experiment,  instead 
of  the  23,gg3'00  pounds  actually  consumed  ;  and  the  duty,  in- 
stead of  being  2397'00i  pounds  of  water  raised  one  foot  high  per 
pound  weight  of  steam,'_would  have  been  3218760  pounds,  or 

(■  "  =j  4-869  times  greater  than  that  of  the  siphon- 

pump,  including  with  the  latter  the  pound  of  steam  itself. 
Where  the  economy  of  fuel  is  of  the  slightest  importance,  it  is 
evident  that  any  competition  of  the  siphon-pump  with  the 
reciprocating-pump  is  hopeless.  The  former  can  only  be  used 
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advantageously  on  board  a  steamer  to  pump  out  its  bilge 
after  the  vessel  has  just  come  to  anchor,  with  steam  in  the 
boilers ;  or  when  the  vessel  has  struck  and  there  is  no 
further  use  for  the  main  engines.  It  is  very  cheap  in  first 
cost,  cannot  become  deranged,  requires  neither  attention, 
adjustment  nor  repairs,  and  can  be  placed  wherever  there  is 
room  for  a  pipe  of  a  few  inches  diameter. 

A  reference  to  line  29  of  the  table  shows  that  the  water 
discharge  of  the  reciprocating-pump  at  each  stroke  of  its 
piston  was  0-864  of  the  space  displacement  of  that  piston  per 
stroke,  consequently  0'i36  of  that  space  displacement 
remained  unfilled.  The  speed  of  the  piston  of  the  pump 
was  only  109J  feet  per  minute.  The  receiving-orifice  was 
large  and  the  receiving-pipe  short.  The  valve,  the  joints, 
and  the  stuffing-box  were  in  complete  condition  and  very 
tight,  having  been  put  in  order  by  the  maker  and  patentee 
especially  for  this  trial.  The  0-136  of  the  space  displace- 
ment of  the  piston  stroke  unfilled  by  water  must  have  been 
filled  by  air  evolved  from  the  water  entering  the  pump 
under  less  than  the  atmospheric  pressure,  and  leaking 
through  the  joints  and  stuffing-box.  Part  of  the  water 
deficiency  was  also  doubtless  due  to  water  leakage  past  the 
piston  and  delivering  valves,  and  by  regurgitation  past  the 
receiving-valves. 

Rotary-Pump.  A  single  glance  at  the  quantities  on 
lines  25  and  26  of  the  table  is  sufficient  to  show  the 
marked  inferiority  of  the  rotary-pump  to  the  reciprocat- 
ing-pump under  the  experimental  conditions.  The  duty 
given  on  those  lines  is  for  the  consumption  of  one  pound 
weight  of  steam  from  the  boiler,  which  would  have  cor- 
rectly represented  the  cost  of  the  pumping  relatively  to  j 
that  of  the  reciprocating-pump,  had  the  same  pressures 
been  used  in  the  steam  cylinder.  These  pressures  however 
were  not  the  same,  the  mean  total  pressure  (line  13)  being 
less  with  the  rotary-pump  than  with  the  reciprocating-pump, 
while  the  back  and  friction  pressures  (lines  14  and  16) 
remained  constant;  hence,  there  was  a  less  proportion  of 
the  total  pressures  utilized  with  the  rotary-pump  than  with 
the  reciprocatipg-pump.     On  this    account    the  net   horse- 
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Steam  Siphon-Pump. 


Two  receiving-pipes,  each  2  inches  internal  diameter  and  40 
inches  long.     One  discharge-pipe,  2  inches  internal   diain- 

'  eter  and  22  feet  long.  The  centre  of  the  pump  or  mouth  of 
steam-jet  is  54  inches  above  the  surface  of  the  water  in  the 
supply-tank.  Steam-pipe,  from  boiler  to  pump,  i^-inch 
internal  diameter,  2o|^  feet  long,  and  telted. 
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Table  containing  the  data  and  results  of  experiments,  made  in  1867  at  the  New  York  Navy  Yard,  to  determine  the  relative  eeonomic 
efficiency,  in  proportit)n  of  weight  of  steam  used  to  weight  of  water  lifted,  of  a  reciprocating-ptimp,  a  rotary-pump  and  a  steam 
siphon-pump,  all  three  raising  water  to  the  same  elevation  of  17  feet  8  inches. 
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steani~jet  is  54  inches  above  the  surface  of  the  water  in  the 
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internal  diameter,  2oJ^  feet  long,  and  lelted. 


ii  ^  c  ^^  -  ^  ^  ^ 

i  g-isS'oS  s'oM 


*o 


-o   *^    rt    bJO  -r    ^    SI 


iR 


1  3  p 


"H'o 
^  "  I,  =  "^       o  -^^  •-  li 

.-•-4,_.=    tjP-       .-00 

"  ME  ?«.S-B.  ■■?  " 
gSa>SI'S-.E.2  2§ 


D.lte  of  commencing  the  e.xperiment, \   ".3°  P.M.,  March  ii. 


rtO     -rt  —  P-ijvia)' 

u  5  c  3j=  £-6 'a 
c  y  nU  c  y  o.  v.  ._  bJO 
-  o  "-^^H  .2  "  4j  w  .S 

^  3-0  ..-,  Id  3  E  « 
.y,  o  p  ./^^  S  o  S^ 

"  s  5  y  i;     -g-Sa 

E  ■-        a>  ""  w  oj 

2>gaj  g.;  o.e-^-^- 

S  "■-:;  S.2_"  5.-S-S 
•2  "■  S  5-^^  3  M=  c 

~  J!    U    ul    C    (to    C^    4) 

■^*^  «  .„'!]!, 
"  ME  ~" 

E.s.a.'-g-  >  5 
S  3Q.S.S  g  Koi 
J5 


c  o  c  -^  -J=  "  c 

2_^  S-  *;  =  ^ 


!    WJ=    ' 


'  t) 


if  s 

■2§-2 


3    i) 


'  —  '(J    4)    OJ 


12.39  P.M.,  March  4. 


E  ■"  >  ; 

-  o  <. 

-■    -  ™  L 

^   '->  ij        « "1^  rt  < 


T.-S^P^E 

r-  iJ  —  .    ::  !>  <u  j: 
■u  aj  tn  :S  ft  ft£  (J 


e  S;  « 


t-   ,:;    V. 
u  £  o 

^  5E 


-iq  J-  ft  c 


E  V  u 


■  c  rt  " 


Duration  of  the  experiment  in  consecutive  hours, 

Number  of  cubic  feet  of  water  lified  from  the  supply-tank  through  a  vertical  height  of  17  feet  8  inches, 
Number  of  pounds  of  water  lifted  through  a  vertical  height  of  17  feet  8  inches;  including,  for  the 

steam  siphon-pump,  the  pounds  of  water  on  line  5,  in  addition  to  the  pounds  of  water  raised  from 

the  supply-tank, 

Number  of  pounds   of  feed-water  pumped  into  the  boiler  and  vaporized  to   supply  the  steam  for 

feeding  the  boiler  and  for  lifting  the  above  quantity  of  water  17  feet  8  inches  high, 

Number  of  single  strokes   made  by  the  piston  of  the  steam   cylinder,  which   operated   the   pump=., 

lilting  the  above  quantity  of  water  17  feet  8  inches  high, 

Number  of  single  strokes  made  by  the  piston  of  the  reciprocating-pump,  and  of  revolutions  made  by 

the  rotar>'-pump,  lifting  the  ab(jve  quantity  of  water  17  feet  8  inches  high, 


f  Number  of  single  strokes  made  per  minute  by  the  piston  of  the  steam  cylinder,  which  operated  the 
reciprocating  and  the  rotary  pumps, 

Number  of  single  strokes  made  p^r  minute  by  the  piston  of  the  reciprocating-pump,  and  of  revolu- 
tions made  per  nunute  by  the  rotary-pump, 

Steam  pressure  in  boiler,  in  pounds  per  square  inch  above  the  atmosphere, 

Throttle  valve, 

Barometer,  in  inches  of  mercury 

I     Estimated  mean  total  pressure  on  the  steam  piston,  in  pound-;  per  square  inch  above  zero, 

I     Estimated  mean  back  pressure  against  the  steam  piston,  in  piunds  per  square  inch  above  zero,     .    .    . 

Estimated  mean  gross-effective  pressure  on  the  steam  piston,  in  pounds  per  square  inch, 

Estimated  pressure  on  the  steam  piston,  in  pounds  per  square  inch,  required  to  work  the  steam 
Cylinder  arid  its  attached  pu-np, /*^r  j^  ,■  that  is.  without  load,      

Estimated  net  pressure  on  the  stsiam  piston,  in  pounds  per  square  inch, 

,     Estimated  total  horse  power  developed  by  the  steam  pistin, 

!      Estimated  gross  effective  horse-Dower  developed  by  the  steam  piston, 

l^    Estimated  net  horse-power  developed  by  the  steam  piston, 


Temperature  of  the  external  atmosphere,  in  degrees  Fahrenheit, 

Temperature  of  the  room  in  which  the  apparatus  was  situated 

Temperature,  in  the  supply-tanks,  of  the  water  lifted  17  ft;et  8  inches  high. 
Temperature,  in  the  receiving-tanks,  of  the  water  lifted  17  feet  8  inches  high. 


f    Number  of  pounds  of  watt;r  raised  17  feet  8  inches  high,  by  one  pound  weight  of  steam, 
{    Number  of  pounds  of  water  raised  one  foot  high  by  one  pound  weight  of  steam 


f  Cubic  inches  of  water  discharged  per  single  stroke  of  the  piston  of  the  reciprocating-pump,  and  per 

I  revolution  of  the  rotary  pump, 

j  Space  displacement,  in  cubic  indies,  of  the  piston  of  the  reciprocating-pump  per  single  stroke,  and 

1  of  the  piston  of  the  rotary-pump  per  revolution, 

I  Fraction  of  the  space  displacement  per  single  stroke  of  the   piston  of  the  reciprocating-pump,  and 

i  per  revolution  of  the  piston  of  the  rotary-pump,  filled  with  water, 
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power  (line  20)  in  the  two  cases  will  be  considered  as 
expressing  'correctly  the  relative  cost  of  the  pumping. 
Measured  by  this  standard,  the  duty  of  the  reciprocating- 
pump  compared  with  that  of  the  rotary-pump  as 

3-.i55353-  ^     2822388, 

to ? 

2688  2-674 

■or  the  former  was  n47  times  greater  than  that  of  the  latter. 

As  the  belt  communicating  the  motion  of  the  engine  to 
the  rotary-pump  caused  certainly  some  friction  and  had 
probably  some  slip,  an  allowance  must  be  made  for  these 
causes  of  inferiority,  because  they  are  not  necessary  to  the 
pump,  which  could  be  w^orked  directly  by  the  engine.  When 
the  results  of  these  abnormal  causes  are  eliminated,  and 
when  the  resistance  of  the  valves  of  the  reciprocating-pump 
is  taken  into  comparison — the  rotary-pump  having  no 
valves — the  economic  performance  of  the  rotary-pump  will 
be  found  but  little  less  than  that  of  the  reciprocating-pump. 

The  permanent  cause  of  inferiority  in  the  rotary-pump 
will  be  found  chiefly  in  the  greater  water  leakage  past  its 
pistons,  and  this  leakage  is  of  a  nature  to  increase  to  a  higher 
proportion  as  the  head  of  water  increases  against  which  it 
works.  Neither  can  this  pump,  with  its  uniformly  revolving 
pistons,  fill  with  water  the  same  proportion  of  the  space 
displacement  of  its  pistons  that  the  reciprocating-pump  can, 
with  its  piston  coming  to  a  state  of  rest  at  the  end  of  its 
stroke.  Hence,  we  find  by  inspection  of  line  29  of  the 
table  that,  while  water  to  the  quantity  of  0'864  of  the  space 
displacement  of  its  piston  was  discharged  by  the  recip- 
rocating-pump, the  rotary-pump  discharged  water  to  the 
quantity  of  only  0*575  of  f^ie  space  displacement  of  its 
piston. 


I 
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HARBOR  BAR    IMPROVEMENTS. 


Discussion  by  Prof.    L.  M.  Haupt. 


Since,  to  ignore  the  criticisms  of  Prof.  L.  d'Aiiria,  as 
published  under  this  caption  in  the  last  number  of  the 
Journal,  would  leave  the  readers  under  serious  misappre- 
hensions, it  would  seem  to  be  necessary  to  submit  a  few 
comments  in  reply. 

In  the  opening  paragraph  *  it  is  stated  in  substance  that 
I  believe  our  Government  disregards  the  importance  of 
removing  bars  from  harbor  entrances,  because  it  has  not  as 
yet  seen  fit  to  adopt  the  plans  which  I  have  respectfully 
submitted  looking  to  that  end. 

How  widely  this  remarkable  assertion  differs  from  the 
facts  will  be  seen  by  even  a  casual  reading  of  my  original 
paper t  wherein  I  have  attempted  to  show  that,  instead  of 
.disregarding  the  importance  of  this  measure,  the  United 
States  has  endeavored,  by  all  possible  means,  to  effect 
some  substantial  improvements,  even  to  the  extent  of 
spending  large  amounts  of  money  and  many  years  in  work ; 
but,  as  I  claim,  without  substantial  results.  In  view  of  such 
a  finding  it  became  a  duty  on  my  part,  if  possible,  to  dis- 
cover 'the  cause  and  suggest  a  remedy,  and  this  I  have 
essayed  to  do.  If  the  Government  has  not  yet  seen  fit 
to  test  these  plans  it  does  not  follow  that  others  may  not, 
and  the  writer  must  have  been  ignorant  of  the  fact  that  a 
foreign  government  is  seriously  considering  the  advisability 
of  their  introduction,  or  he  would  not  have  asked  the  ques- 
tion contained  in  the  second  paragraph. 

With  reference  to  the  measurement  of  the  forces,  I  have 
definitely  stated  that  I  prefer  the  measurement  as  revealed 
by  nature,  in  the  resulting  effects  produced  b}'  their  action^ 
rather  than  theoretical  computations  based  upon  a  limited 
number  of  instrumental  observations  as  to  the  force  and 

*  Page  224. 

t  Page  23  and  particularly  on  p.  31. 
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direction  of  winds,  waves,  tides  and  currents.  For,  however 
accurate  these  latter  may  be,  who  can  combine  them  into  a 
formula  which  shall  express  the  resultant  of  all  of  these 
ever-varying  physical  conditions?  In  the  computation  made 
in  the  paper  under  consideration,  the  author  attempts  to 
discredit  my  statement  that  the  proposed  jetties  at  Galves- 
ton will  interfere  with  the  free  ingress  of  the  flood,  by 
deducing  a  formula  for  the  mean  velocity  of  any  section, 
but  unfortunately  it  is  not  applicable,  since  it  does  not 
include  the  frictional  resistance  due  to  a  channel  five  miles 
long.  It  is  not  to  be  supposed  that  for  a  given  difference  of 
level,  the  surface  slope,  ahd  hence  the  velocity,  will  be  the 
same  for  a  channel  five  miles  long  as  for  one  (say)  five  feet 
long.  Moreover,  the  Board  of  Engineers,  in  their  report  on 
the  plans  for  the  Galveston  jetties,  admit  that  these  struc- 
tures do  obstruct  the  ingress  of  the  flood,  for  they  say, 
"Such  a  jettied  channel  offers  more  resistance  to  inflow 
than  does  the  present  entrance ;  reduces  the  tidal  prism 
about  one-third  and  hence  gives  greater  difference  of  level," 
etc.,  and  again  in  concluding  their  report,  "The  jetties  will 
diminish  the  freedom  of  inflow  at  Galveston."  *  In  short, 
the  attempt  to  disprove  my  statement  by  a  formula,  merely 
confirms  the  conclusion 'reached  by  the  late  talented  engi- 
neer, General  Gillmore,  who,  after  years  of  experience,  said, 
in  speaking  of  the  action  of  these  forces  of  natiire,  "  The 
question  is  full  of  perplexing  difficulties,  which  elude  all  the 
known  methods  of  research  by  formulae."  f 

Again,  concerning  the  demonstration  introduced  to  prove 
that  the  "  tidal-wave  "  has  not  sufficient  velocity  to  produce 
the  changes  I  have  mentioned,  I  have  merely  to  add  that 
there  seems  to  be  a  further  continued  misunderstanding  of 
my  language,  for  I  have  repeatedly  disclaimed  asserting 
that  it  is  the  tidal  wa7'e,  but  on  the  contrary  have  given  the 
term  Jiood  component  to  the  combined  forces,  causing  the 
observed  effects,  and  have  defined  this  to  "  include  the 
dynamic  action  of  the  breakers  racing  along  the  shore  as 

*  Vu/e,  pp.  24,  25,  vol.  cxxxiii,  ihis  Journal. 
t  Report  Chief  of  Engineers,  1876,  p.  458. 
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"well  as  the  littoral  currents  generated  by  the  on-shore 
movements  of  the  flood  tide."  * 

The  direction  of  this  flood  component  or  resultant  I  have 
attributed  to  the  angle  at  which  the  flood-tide  approaches 
the  foreshore.  By  the  "racing  of  the  tidal  crests,"  which 
appears  to  be  the  stumbling-block,  is  meant  simply  the 
incessant  rolling  up  of  the  breakers,  generally  in  an  oblique 
direction,  determined  largely,  as  I  maintain,  by  the  flood 
currents,  and  not  the  movement  of  the  crest  of  the  tidal- 
wave,  which  only  occurs  at  comparatively  long  intervals. 

Finally,  Professor  d'Auria  appears  to  think  the  American 
Philosophical  Society  were  not  justified  f  in  awarding  the 
Magellanic  Premium  for  the  paper  on  the  "  Physical  Phe- 
nomena of  Harbor  Entrances,"  \  although  it  was  in  its 
possession  for  about  nine  months  for  consideration,  and  the 
authorship  was  unknown.  The  recommendation  of  the 
award  was  made  in  the  earliest  possible  months  permitted 
by  the  regulations  and  it  was  approved  at  the  same  meet- 
ing; but  this  is  a  part  of  the  subject  which  I  do  not  feel  at 
liberty  to  discuss  further,  since  I  do  not  question  the  com- 
petency of  the  committee,  and  have  abundant  reasons,  from 
subsequent  examinations  and  correspondence  relative  to 
shore  movements,  to  believe  my  stalements  concerning  the 
changes  constantly  recurring  along  our  alluvial  coasts  to  be 
fully  confirmed  by  experience,  and  the  Society  correct  in  its 
conclusions. 

As  to  the  congratulations  extended  to  the  State  of  Texas 
for  deliverance  from  my  plans,  it  may  be  said  that  some  of 
the  ablest  of  her  civil  engineers,  as  well  as  prominent  citi- 
zens living  at  the  very  ports  under  consideration,  for  periods 
reaching  fifty  years,  have  strongly  commended  these  plans 
as  being  the  best  they  have  seen  and  the  most  likely,  in 
their  opinion,  to  furnish  the  desired  relief. 

These  personal  allusions  are  believed  to  be  necessary  in 
consequence   of   the   peculiar   character  of   the    objections 

*  Proceedings  of  the  American  Philosophical  Society,  March,  1889. 

t  Vide  p.  227,  this  Journal,  for  September. 

X  Vide  Proceedings  American  Philosophical  Society,  1888. 
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urged  in  the  paper  published  in  the  September  number  of 
the  Journal. 

Opinions  are  not  facts  and  presumptions  are  not  argu- 
ments. 


MECHANICAL    PROGRESS— The    PAST    and    PRES- 
ENT CONTRASTED.* 


Bv  George  B.  Price,  M.E.,  Member  of  the  Institute. 


The  purpose  of  this  paper  is  to  indicate  something  of  the 
■wonderful  growth  of  our  manufacturing  industries  in  the 
last  twenty  years,  and  to  call  attention  to  the  wide  difference 
in  systems,  marking  this  from  previous  epochs ;  especially  the 
introduction  of  the  drafting  room,  as  one  of,  if  not  the  chief 
factor  in  promoting  this  unparalleled  growth  of  mechanic 
arts. 

To  show  the  invariable  superiorit}-  of  one  method  over 
all  others  for  accomplishing  a  purpose,  and  to  be  able  to 
prove  by  many  notable  examples  the  unquestionable  value  of 
such  method,  is  to  show,  at  once,  the  road  by  which  the 
live  men  of  to-day  are  winning  a  deserved  success,  and  a 
very  possible  cause  of  partial  failure  to  those  who  are  yet 
unacquainted  with  the  very  radical  change  in  the  situation. 

Nothing  is  truer  to  this  century  than  the  oft-heard 
phrase,  "  the  world  moves  on." 

Time  was  when  men  were  satisfied  with  candle-light. 

The  ship  in  which  Columbus  sailed  was  doubtless  looked 
upon  as  a  noble  craft.  Men,  for  centuries,  plowed  the  earth 
with  wooden  plowshares,  and  the  smith  at  his  forge  was 
the  nobleman  in  mechanical  skill. 

Our  century,  with  its  myriad  wheels  of  invention,  looks 
back  upon  those  times  as  tipon  a  world  in  its  infancy.  It 
was  in  its  infancy.  Then  men  toiled  as  best  they  knew  how ; 
and  with  commendable  zeal  constructed  the  argosies  that 
have  floated  humanity  to  the  portals  of  a  new  age. 

From  those  portals  a  new  light  is  shining,  with  promise 
of  untold  wealth.  The  rapid  accretion  of  knowledge  in  the 
scientific    world    has    evolved    principles    that    men   knew 

*  Read  by  title  .it  the  Stated  Meeting  held  Wednesday,  September  18,  1889. 
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nothing  of,  even  a  century  ago  ;  bnt  which,  being  recognized 
and  practically  applied,  are  stimulating  the  great  world  of 
industries,  abrogating  the  old  and  instituting  revised 
methods,  to  such  an  extent  that  men  have  now  grown  per- 
fectly familiar  with  the  quotation  that  "  things  are  not  now 
done  as  they  used  to  be."  How  very  true !  Instead  of  a 
small  wooden  hull,  drifting  uncertainly  upon  an  almost 
impassable  sea,  we  have  now  the  advantage  of  swift  and 
massive  "  ocean  greyhounds,"  whose  grace  and  perfection 
tell  of  a  new  world  of  mechanic  arts.  The  smith  at  his 
forge,  toiling  with  scarce-requited  labor,  to  express  in  rude 
form  the  conceptions  of  his  individual  brain,  has  given 
place  to  our  splendid  machine  shops  and  great  foundries, 
equipped  with  "  plant "  that  now  makes  easily  possible  what 
once  had  been  more  than  a  Utopian  dream. 

The  secret  of  all  this  change,  this  wonderful  accretion 
of  the  wealth  of  the  world,  is  the  genius  of  invention,  con- 
trolled by  scientific  knowledge  and  wrought  out  by  the  sub- 
division of  labor. 

•  This  means,  when  practically  applied  to  our  present  sub- 
ject: First,  the  conception,  in  one  or  more  minds,  of  the 
elementary  ideas  of  an  invention.  To  embody  this  invention 
is  the  work,  next,  of  the  mechanical  engineer,  whose  prov- 
ince it  is  to  consider  the  various  principles  of  construction 
that  enter  into  the  combination;  to  adjust  the  different 
parts  to  each  other  and  to  the  whole,  having  regard  to  the 
required  solidity,  stability,  flexibility,  simplicity  and  econ- 
omy, as  well  as  the  most  approved  or  possible  methods  of 
casting,  welding,  finishing  and  joining  those  parts,  consid- 
erations which  may  not  only  affect  the  ultimate  practicability 
of  the  invention,  but,  according  to  the  manner  in  which  the 
subject  is  treated,  will  depend  largely  the  grace,  symmetry 
and  perfection  of  the  machine. 

The  position  of  the  mechanical  engineer,  in  this  early 
stage  of  the  work,  is  as  unique  as  it  is  important.  He  is 
like  the  doctor  who  is  versed  in  the  principles  of  medicine, 
but  who,  according  to  his  appreciation  of  the  conditions  of 
the  case,  not  less  than  the  ingenuity  of  his  resources,  may 
often  build  up  the  patient  speedily  and  lastingly,  or  only 
partially  and  imperfectly. 
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The  physician  of  known  ability  is  quite  likely  to  be  the 
cheapest  in  the  end;  so  the  timely  employment  of  the 
engineer  is  almost  certain  to  mean  the  best  construction  of 
the  work  proposed,  in  the  shortest  time  and  with  the  most 
economy  in  ultimate  cost. 

From  the  hands  of  the  engineer  (who  should  follow  up 
and  superintend  the  subsequent  construciion)  the  plans 
and  specifications  go  into  those  of  the  several  workmen 
who  are  individually  instructed,  by  the  drawings,  as  to 
the  proper  way  of  working  up  their  respective  details. 
There  is  in  this  way  no  clashing  or  confusion,  each  man 
being  responsible  only  for  the  correct  production  of  his  part. 

Such  seems  to  be  the  true  explanation  of  the  economic 
principles  of  the  subdivision  of  labor. 

Men  have  found  out  principles,  and  that  the  most  progress 
is  made  and  wealth  more  rapidly  accumulated  when  the 
several  stages  of  any  piece  of  work  are  each  guided  and 
controlled  by  those  who  have  made  that  part  their  special 
study. 

We  have  a  verj'  limited  idea  of  the  subdivision  of  labor 
when  we  think  of  it  only  as  of  a  number  of  men  being 
divided  into  groups  for  the  several  manual  operations  in 
forming,  say,  a  pin.  This,  indeed,  is  subdivision  of  labor; 
but  it  should  mean  more  than  this.  It  presupposes  ante- 
cedent skill  and  varied  ability  of  a  high  order. 

Before  the  finished  product  was  possible,  an  intricate 
piece  of  machinery  had  to  be  built ;  which  further  presup- 
poses not  only  skilled  mechanics,  but  an  inventive  genius, 
and  an  ability,  of  somebod}^  to  understand  the  reqtiirements 
and  correctly  portray  on  paper  the  many  parts,  in  detail,  and 
as  a  whole.  The  designer  was  quite  as  necessary  as  the 
inventor  or  the  workman. 

Let  it  be  remembered,  then,  that  the  workshop,  though 
necessary  for  the  practical  embodiment  of  the  invention,  is 
yet  distinct  from  the  invention.  The  rule  of  true  progress 
here  is  plain.  The  invention  must  first  be  clearly  conceived 
and  plainly  drawn  on  paper,  clearly  and  in  detail,  carefully 
and  studiously  designed  according  to  the  principles  governing 
the  particular  construction ;  in  short,   it  shovild  be  wholly 
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created  and  visibly  expressed  in  every  detail,  by  one  who 
is  master  of  the  subject,  before  it  is  put  into  the  hands  of  a 
single  workman. 

How  many  ambitious,  bright,  but  over-sanguine  men 
have  conceived  a  general  notion  of  some  invention,  involv- 
ing mechanical  principles  of  which,  most  likely,  they  knew 
little  or  nothing,  and  have  thrown  away  time  and  hundreds 
— perhaps  thousands — of  dollars  in  blundering  along — time 
and  money  that  might  have  been  saved  had  they  started 
aright.  Most  assuredly  it  can  be  said,  with  emphasis,  no 
matter  how  great  or  how  small  the  new  work  proposed,  con- 
struct it  first  on  paper ! 

Progressive  manufacturers  and  machinists  everj-where 
are  every  year  recognizing  more  forcibly  the  value  of  this 
method,  and,  recognizing  it,  are  growing  richer.  Look  into 
our  best  workshops  of  to-day ;  the  great  foundries  and 
machine  works  that  turn  out  our  exact  machinery,  our  fine 
locomotives,  our  floating  palaces  ;  in  all  you  will  find — not 
"a  rule  of  thumb"  and  endless  experiment,  but  a  well-con- 
sti-tuted,  thoroughly  siiperintended  drawing  room.  Here  the 
work  is  first  really  constructed,  on  paper,  the  varied  prob- 
lems carefully  thought  out,  the  many  parts  fitted  and  pro- 
portioned to  their  several  functions ;  then  the  various  arti- 
sans and  workers  are  given  their  parts,  and  the  whole 
structure  grows  uniformly,  rapidly,  to  perfect  completion. 
This  is  the  new  way.     It  has  come  to  stay. 

'It  might  be  interesting  to  some  to  have  described  the 
actual  working  routine  of  one  of  our  largest  and  most  suc- 
cessful manufacturing  establishments — the  great  locomo- 
tive works,  whose  world-wide  reputation  has  made  the 
American  locomotive  famous  as  a  competitor  on  almost 
every  line  of  railroad  in  the  civilized  world.  One  might 
naturally  conclude  that  the  system  preferred  by  such  a  firm, 
after  years  of  fruitful  experience — the  system  which  turns 
out  two  completed  locomotives  a  day — ought  to  have  supe- 
rior merit ;  and  if  any  doubt  of  this  should  remain  in  any 
one's  mind,  it  should  be  fully  dispersed  by  the  further 
announcement  that  the  virtues  of  that  same  system  are 
being  appreciated,  and  as  far  as  possible  imitated  by  com- 
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petitive  concerns,  whose  capacity  and  business  are  being 
rapidly  enlarged  in  consequence. 

Let  us,  then,  take  a  swift  glance  through  the  said  estab- 
lishment, beginning  with  the  drafting  room,  which  is  prop- 
erly the  starting  place  for  our  inspection.  Here,  in  a  well- 
lighted,  ample  apartment,  are  a  number  of  draftsmen,  many 
of  them  brought  up  in  the  service.  These  are  under  the 
supervision  and  direction  of  a  superintendent,  who  origi- 
nally decides  upon  the  plan  of  each  locomotive  to  be  built, 
estimating  its  capabilities  and  requirements.  Instructions 
and  a  specification  are  then  given  to  a  draftsman  in  charge, 
who  carefully  constructs  on  paper  elevations  and  sections 
necessar}'  to  the  complete  locomotive.  The  detail  drawings 
are  then  executed  on  stiff  card-boards,  or  other  materials 
suited  to  stand  shop-wear,  and  after  passing  satisfactory 
inspection  of  the  examiner  of  drawings,  are  given  out,  care- 
fully numbered  and  registered,  to  the  respective  shops.  No 
work  can  be  done  in  any  of  the  shops  until  this  is  done, 
thus  manifesting  the  high  importance  which  this  successful 
establishment  attaches  to  correct  drawings  as  the  starting 
point  for  all  construction. 

In  the  shops,  the  many  details  are  each  carefully  wrought 
out,  in  strict  conformity  to  the  drawing,  and,  as  completed, 
sent  to  the  erecting  shop,  where,  under  competent  foremen, 
the  various  parts  are  rapidly  adjusted,  each  falling  into  its 
proper  place,  and  in  an  incredibly  short  time  the  completed 
locomotive  is  breathed  into  by  the  breath  of  its  steam-life, 
and  starts  upon  its  career,  a  giant  of  force  and  a  monument 
of  engineering  skill. 

Time  was  when  a  complete  preliminary  drawing  was 
hardly  known  in  a  machine  shop.  Then,  men  blundered, 
and  blunders  are  always  costly.  Time  will  be  soon,  when  a 
machine  shop  without  its  drawing  room,  its  superintending 
engineer,  will  be  but  a  lingering  reminder  of  an  experi- 
mental age  before  men  had  learned  the  true  source  of  pro- 
gress and  wealth. 

Those  that  still  cling,  like  the  smith  of  old,  to  the  meth- 
ods of  a  by-gone  age,  are  falling  behind  in  the  race,  for 
while,  in  a  sense,   they  may  be  laboriousl}-  building   up   a 
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small  trade,  others,  taking  advantage  of  the  proven  better 
methods  for  success,  will  be  forging  ahead  into  enviable 
wealth. 

The  former  has  been  left  behind,  not  because  of  inferior 
ability,  in  his  line,  but  because  he  has  lost  time  in  trying 
himself  to  do  what  another  could  have  better  done,  at  less 
expense  to  him. 

There  is  another  and  concluding  thought  that  should 
give  hope  to  ever}-  man  in  the  m.echanic  world. 

As  his  craft  grows  into  closer  relationship  with  the  great 
world  of  science  about  and  above  him,  it  will  certainly  lift 
him  to  a  higher  plane.  Men  are  everywhere  realizing,  as 
never  before,  the  everlasting  truth  of  fixed  principles  and 
universal  law  governing  all  things.  If  a  house  falls,  a 
bridge  gives  way,  a  dam  bursts  its  confines,  it  is  no  longer 
an  unaccountable  event.  Something  was  deficient.  The 
capacity  to  detect  the  cause,  the  power  to  avert  the  evil  by  a 
scientific  knowledge  of  the  principles  of  construction  is,  of  all 
knowledge,  the  most  useful,  while  its  possession,  in  propor- 
tion to  its  completeness,  should  raise  its  possessor  to  the 
first  ranks  among  men. 


CHAS.  A.  TEAL'S  PORTABLE  HOIST. 


{Report  of  the  Committee  on  Science  and  the  Arts.'] 


[No.  1402.]  Hall  of  the  Franklin  Institute, 

Philadelphia,  April,  1889. 
The  Sub-Committee  of  the  Committee  on  Science  and  the 
Arts,  constituted  by  the  Franklin  Institute  of  the  State 
of  Pennsylvania,  to  whom  was  referred  the  application  of 
the  Teal  Hoist  Company  of  Philadelphia,  for  an  examination 
and  report  upon    the   merits    of 

AN    IMPROVED    CHAIN    HOIST    PATENTED     BY   CHAS.    A.   TEAL, 
OF   PHILADELPHIA,   APRIL   8,  1 884,   NO.    296,364, 

Report  that :  As  will  be  seen  by   a   copy   of    the   patent 
annexed  and  by  examination  of  the  hoist  exhibited : 

The  hoist  consists  of  a  malleable-iron  frame   suspended 
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by  means  of  a  swivel  and  hook,  much  in  the  usual  form  of 
such  hoists,  but  supporting  a  novel  and  ingenious  form  of 
differential  mechanism. 

There  are  several  well-known  differential  hoists  in  the 
market,  but  they  all  differ  widely  from  Teal's  invention. 

The  nearest  approach  to  it  would  appear  to  be  the 
"  Weston  Chain  Hoist,"  which  has  two  sprocket-wheels  cast 
together  or  connected  side  b}^  side  upon  a  shaft,  upon  which 
they  can  turn  freely ;  one  of  the  wheels  is  larger  than  the 
other,  having  usually  one  tooth  more. 

The  lift-chain  is  endless  and  is  so  arranged  upon  these 
sprocket-wheels  that,  as  they  are  revolved,  the  chain  runs 
like  a  belt,  up  on  one  side  and  down  on  the  other. 

The  difference  between  these  wheels  causes  a  lengthen- 
ing or  shortening  of  a  bight  of  the  chain,  in  which  the 
hoisting  hook  is  carried,  as  the  wheels  are  turned  back  or 
forward  by  a  pull  upon  the  lift-chain,  and  thus  any  weight 
attached  to  the  hook  is  raised  or  lowered. 

In  the  Teal  Hoist  the  two  sprocket-wheels  are  not  side 
by  side,  but  are  upon  separate  shafts,  and  they  are  of  the 
same  size ;  they  are  also  upon  opposite  sides  of  a  pinion, 
mounted  centrally  in  the  frame  of  the  hoist. 

Each  sprocket-wheel  is  connected  to  this  pinion  by  a  spur 
gear,  cast  upon  the  side  of  the  sprocket-wheel,  so  that  the 
pinion  as  it  revolves  turns  the  sprocket-wheels  also. 

The  sprocket-wheels,  while  they  are  of  the  same  size,  do 
not  revolve  at  the  same  velocity,  because  one  of  the  gears  is 
larger  than  the  other,  and  will  require  more  time  in  which 
to  complete  its  revolution. 

The  lift-chain  is  carried  upon  these  wheels,  much  in  the 
same  way  as  in  the  "  Weston  Hoist,"  being  carried  up  by  one 
wheel  and  down  by  the  other,  at  different  velocities,  however, 
for  the  two  motions,  and  a  bight  of  the  chain  in  which  the 
hoisting  hook  is  carried  is  made  longer  or  shorter  as  the 
central  pinion  is  turned  backward  or  forward. 

This  pinion  has  a  large  grooved  wheel  upon  the  outer 
end  of  its  shaft,  and  a  small  endless  hand-chain  is  carried 
in  the  groove,  so  that  the  wheel  and  pinion  are  revolved 
back  or   forward  by  a  pull  upon  the  hand-chain.     Thus  any 
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load  attached  to  the  hoisting  hook  will  be  lifted  by  a  pull 
upon  the  hand-chain  and  at  a  velocity  and  with  an  expendi- 
ture   of    force  proportioned  to  the  velocity  ratio  between 


the  hoisting  hook  and  hand-chain,  allowance  being  made 
also  for  the  friction  of  the  machine. 

This  arrangement  of  the  sprocket-wheels,  gears  and  lift 
chain  has  also  another  peculiar  action,  with  consequent 
advantage. 

In  the  "Weston  Hoist"  the  hoisting  hook  is  lowered  by 
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pulling  upon  one  side  of  the  lift-chain,  and  raised  by  pull- 
ing upon  the  other;  the  only  difference  being  that  when 
the  hook  is  empty  the  lowering  motion  may  be  somewhat 
quickened,  because  the  chain  runs  freely  and  a  rapid  motion 
can  be  given  to  the  chain. 

So  also  in  all  other  hoists  known  to  us,  the  overhauling 
or  lowering  of  the  hook,  is  a  mere  reversing  of  the  hoisting 
action,  and  requires  the  same  time  as  to  lift  a  load  ;  there 
being  in  them  no  provision  for  applying  power  to  any  other 
part  of  the  hoist,  than  that  by  means  of  the  hand-chain,  by 
which  the  lifting  is  done. 

The  Teal  hoist,  on  the  contrarj^  has  a  slow  and  powerful 
motion  to  lift  its  load,  by  means  of  the  hand-chain ;  and  a 
quick  movement  for  overhauling  the  chain  and  lowering  the 
hook  for  a  second  lift  by  a  pull  directly  upon  the  lift-chain. 

(This  will  be  seen  by  examining  the  machine.) 

Supposing  the  convenient  velocity  in  pulling  the  two 
chains  to  be  the  same;  then  in  the  1,000-pound  hoist 
examined  by  us,  the  hook  can  be  overhauled  five  times 
faster  by  a  pull  upon  one  side  of  the  lift-chain,  or  six  seven- 
tenths  times  faster  by  pulling  on  the  other  side,  than  it  can 
be  by  the  hand-chain.  This  increases  the  capacity  and  use- 
fulness of  the  hoist  and  is  therefore  a  valuable  improvement. 

The  extent  of  this  improvement  can  be  seen  more  fully, 
perhaps,  in  the  table  annexed,  which  gives  the  velocity  ratio 
and  overhauling  speed  of  several  well-known  hoists,  with 
the  ratio  of  increase  in  the  Teal  hoist : 


Hand-Chain 
Capacity.        j         to  Hook 

Velocity   Ratio. 

Overhaul. 

Increase  Speed. 

Weston,      

Poumls. 
i.ooe 
1,000 
i,ooa 
1,000 
1,000 

Inches. 
23      to  I 

60     to  I 
36     to  I 
36     to  1 
38-5  to  I 

Inches. 
23        to  I 
60        to  I 
36        to  I 
36        to  I 
7*62  to  I 
5*74  to  I 

Box 

« 

•• 

Teal, 

5  times. 

leal, 

6  7-10  times. 

The  use  of  gears  to  produce  the  differential  action  in 
place  of  sprocket-wheels  having  a  different  number  of  teeth, 
permits  the  use  of  a  much  higher  velocity  ratio,  because 
the  difference  between  the  two  sprocket-wheels  cannot  be 
Whole   No.  Vol.  CXXVIII. — (Third  Series,  Vol.  xcviii.)  20 
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less  than  one  tooth  of  the  wheels  or  one  link  in  the  chain ; 
this  would  require  a  very  large  sprocket-wheel  and  would 
be  quite  impracticable,  because  of  the  great  increase  of 
weight  in  the  hoist,  if  the  velocity  ratio  was  equal  to  t];iat 
readily  obtained  with  gears  having  small  diameter  com- 
bined with  small  sprocket-wheels,  and  therefore  having 
much  less  weight,  as  shown  in  Teal's  invention. 

This  increase  of  power  would,  however,  soon  reach  a 
point  where  the  very  slow  overhauling  speed  resulting 
would  more  than  counterbalance  the  advantage  gained,  but 
for   the  increased  speed  due  to  the  pull  upon  the  lift-chain. 

The  general  arrangement  and  workmanship  of  the  hoist 
are  good.  The  journals  are  made  self-oiling  by  having  a 
chamber  filled  with  fibrous  packing  combined  with  each 
journal,  and  while  we  think  some  parts  of  the  malleable 
iron  framing  could  be  with  advantage  increased  in  weight 
and  strength,  we  regard  it  as  upon  the  whole  an  excellent 
hoist,  with  such  novelty  and  advantage  as  fully  entitle  it  to 
receive  an  award  from  the  committee. 

Copy  of  Report  of  Tests  of  Portable  Chain  Hoists,  made  at  the 

"  Novelties  "    Exhibition,    Franklin     Institute,  October    20, 

1885;  also,  Report  of  Tests  of  Teal's  Hoist  under  same 

Headings. 


Make, 


Harrington, 
Olsen,  .  . 
Wharton,  . 
Box,  .  .  . 
Reid,  .   .   . 

Teal,  .  .  . 


2,000 
2,000 
2,000 
2,000 
500 


rt   O 
"    O 

n  c 

2w 


Inches. 


18K 
18^ 


>.-      o 

OgS 

=       o 

SMC 


Weight  Requirbd 
To— 


60 
475!C 

38J4 


38}^ 


X 

Start 

s: 

Load. 

Pounds. 

Pounds. 

.00554 

■14 

1005 j^ 

66 

1005J4 

n% 

1005 14 

87 

282 

3i% 

350 

217 

Average 

20  tests. 

Keep 

Load 

Moving. 


Pounds, 

41 
54 
68  J^ 
73 


Average. 


4J    O 

0. 


u  S  g 
ufe-2 


59-02 

606 

72-05 

67-78 

63-40 


54-6 

Main 
chain    did 

not   run 
freely  as  it 

should. 


The  results  ,of   the  tests  made  by  your  committee  are 
given  above,  andin  such  a  manner  as  to  enable  a  comparison 
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to  be  easily  made  with  those  obtained  by  the  committee 
appointed  by  the  Judges  of  Group  No.  131^,  at  the  "Novel- 
ties" Exhibition  of  1885,  on  Portable  Hand  Hoists. 

In  view,  then,  of  the  very  high  efficiency  of  the  hoist,  as 
compared  with  those  tested  previously,  this  hoist  showing 
a  considerable  increase  over  the  best  one  then  tested,  and 
in  view  of  the  increase  of  capacity  and  speed  in  overhaul- 
ing, we  would  recommend  the  award  of  the  John  Scott 
Legacy  Premium  and  Medal  to  Chas.  A.  Teal  for  his 
invention. 

[Signed]  MosES  G.  Wilder, 

Chairman  Sub-Committee. 

Francis  Leclere. 
Adopted,  May  i,  i88g. 

[Signed]  S.  Llovd  Wiegand, 

Chair  ma  II  of  the  Committee  on  Science  and  the  Arts. 
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The  following  is   the  programme  of  the  Lectures  to  be 
held  during  the  ensuing  winter: 

1889. 

Monday,  November  4. — Daniel  Ammen,  Rear  Admiral,  U. 
S.  N.,  Washington,  D.  C.  Subject,  "  Proposed 
American  Isthmian  Canal  Routes." 

Friday,  November  8. — Prof.  Lewis  M.  Haupt,  University  of 
Pennsylvania.  Subject,  "  Municipal  Engineer- 
ing." 

Monday,  November  11. — Prof.  Ira  Remsen,  Johns  Hopkins 
University,  Baltimore,  Md.  Subject,  "  Stereo- 
chemistry'." 

Friday,  November  15. — Prof.  W.  LeConte  Stevens,  Packer 
Collegiate  Institute,  Brooklyn,  N.  Y.  Subject, 
"The  Development  of  Aeronautics."  (Illus- 
trated.) 
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Monday,  November  i8. — Dr.  H.  Hensoldt,  Columbia  College, 
School  of  Mines,  New  York.  Subject,  "  Natural 
History  in  Elementary  Schools." 

Friday,  November  22. — Mr.  Chas.  Heber  Clark,  Editor 
Textile  Record,  Philadelphia.  Subject,  "  Work, 
Waste  and  Wages." 

Monday,  November  25. — Prof.  C.  Herschel  Koyl,  Washing- 
ton, D.  C.  Subject,  "  The  Evolution  of  Railroad 
Signalling." 

Friday,  November  29. — Mr.  C.  John  Hexamer,  Philadelphia. 
Subject,  "  A  Descriptive  and  Illustrated  Sketch 
of  Canada." 

Monday,  December  2. — Prof.  C.  Hanford  Henderson,  Manual 
Training  School,  Philadelphia.  Subject,  "A  Lay 
Sermon  on  Chemistry." 

Friday,  December  6. — Mr.  Fred.  E.  Ives,  Philadelphia.  Sub- 
ject, "The  Optical  Lantern  as  a  Means  of 
Demonstration."     (Illustrated.) 

Monday,  December  9. — Mr.  T.  Dunkin  Paret,  President  of 
the  Tanite  Company,  Stroudsburg,  Pa.  Subject, 
"  Emerj-  Wheels." 

Friday,  December  13 — Mr.  Wm.  M.  Barr,  Philadelphia. 
Subject,  "The  Duty  of  Pumping  Engines." 

Monday,  December  16. — Mr.  Ralph  W.  Pope,  New  York, 
Secretary  American  Institute  of  Electrical  Engi 
neers.  Subject,  "  Electricity :  its  Past,  Present 
and  Future." 

Friday,  December  20.— Mr.  Thomas  Pray,  M.E.,  C.E.,  Boston^ 
Mass.  Subject,  "  What  Does  a  Steam  Horse- 
Power  Cost  ?" 

1890. 
Monday,  January  6.— Prof.  F.  W.  Clarke,  U.  S.  Geological 
Survey,  Washington,     D.    C.      Subject,     "  Coal 
Products." 
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Friday,  January  10. — Mr.  John  Carbiitt,  Philadelphia.  Sub- 
ject, "Some  New  Applications  of  Photography." 
(Illustrated.) 

Monday,  Januarj^  13. — Prof.  R.  L.  Chase,  Pennsylvania 
Museum  and  School  of  Industrial  Art."  Subject, 
"A  Revolution  in  Dyeing." 

Friday,  January  17. — Prof.  W.  LeConte  Stevens.  Subject, 
"The  Mammoth  Cave  of  Kentucky."  (Illus- 
trated.) 

Monday,  January  20. — Lieut.  Bradley  A.  Fiske,  U.  S.  N. 
Subject,  "  Electricity  in  Warfare." 

Friday,  Januar\^  24. — Dr.  Edward  D.  Cope,  Philadelphia. 
Subject, "The  Influence  of  Inherited  Character.s." 

Monday,  January  27. — Dr.  W.  Thomson,  Philadelphia,  Pro- 
fessor Ophthalmia  and  Surgical  Expert  Penn- 
sylvania Railroad  Company.  Subject,  "  Color 
Blindness." 

Friday,  January  31. — Mr.  C.  John  Hexamer.  Subject,  "A 
Descriptive  and  Illustrated  Sketch  of  Ger- 
many." 

Friday,  February  3— Prof.  Louis  Duncan,  Johns  Hopkins 
University,  Baltimore.  Subject,  "Modern  Con. 
ceptions  of  Electricity." 

Friday,  February  7. — Mr.  Theodore  C.  Search,  Philadelphia. 
Subject,  "  Wool — from  the  Fleece  to  the  Card." 

Monday,  February  10.— Mr.  Eugene  Griffin,  Thomson- 
Houston  Electric  Company,  Boston.  Subject, 
"Electric  Railways." 

Friday,  February  14.— Mr.  Theodore  C.  Search.  Subject, 
"Wool — from  the  Card  to  the  Fabric." 

Monday,  February  17.— Mr.  Geo.  F.  Kunz,  New  York.  Sub. 
ject,  "Precious  Stones."  (Introducing  copious 
Lantern  Illustrations  of  the  Paris  Exposition.) 
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Friday,  February  21. — Mr.  Wm.  F.  Durfee,  Superintendent 
Pennsylvania  Diamond  Drill  Company,  Birds- 
boro,  Pa.     Subject,  "Diamond  Drilling." 

Monday,  February  24. — Dr.  Charles  B.  Dudley,  Chemist  to 
the  Pennsylvania  Railroad  Company,  Altoona, 
Pa.     Subject,  "  Bearing-Metal  Alloys." 

Friday,  February  28. — Mr.  Fred.  E.  Ives.  Subject,  "  Street 
Scenes  in  Italy  caught  with  the  Camera." 


Arrangements  are  being  made  for  a  series  of  illus- 
trated practical  lectures  on  various  handicrafts,  designed 
especially  for  the  instruction  of  apprentices.  Due  announce- 
ment will  be  made  of  this  portion  of  the  programme  when 
completed. 

By  direction  of  the  Committee  on  Instruction. 

Wm.  H.  Wahl,  Chairman. 

Approved  by  the  Board  of  Managers,  Wednesday,  Sept.  11,  i88g. 
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PROCEEDINQS 


Chbmical  Section, 


Kranklin  Institute. 


[Stated  Meeting,  held  at  the  Institute,  Tuesday,  September  //, 

1889.'] 

Hall  of  the  Franklin  Institute, 
Philadelphia,  September  17,  1889. 
Mr.  H.  Pemberton,  Jr.,  President,  in  the  Chair. 

Members  present:  W.  H.  Bower,  Reuben  Haines,  H.  W.  Jayne,  L.  J. 
Matos,  W.  W.  McFarlane,  Thos.  N.  Newbold,  H.  Pemberton,  Jr.,  Dr.  Wm. 
H.  Wahl,  W.  D.  Weikel. 

The  resignation  of  Marshall  R.  Pugh,  to  take  effect  at  the  end  of  current 
year,  was  presented  and  accepted.  The  President  read  a  copy  of  a  proposed 
amendment  to  the  By-Laws  of  the  Institute  relating  to  Sections,  under 
which  the  Sections  would  be  empowered  to  admit  to  associate  and  corre- 
sponding membership  others  than  members  of  the  Institute. 

The  President  exhibited  several  specimens  of  the  aqueous  solution  of  the 
allotropic  silver,  described  by  Mr.  M.  Carey  Lea. 

Dr.  Wahl  presented  for  inspection  a  specimen  of  aluminium,  manufac- 
tured at  present  on  the  commercial  scale  by  the  Pittsburgh  Reduction  Com- 
pany. The  process  employed  is  that  of Hall,  of  Oberlin,  O.,  which  con- 
sists substantially  in  dissolving  alumina  by  igneous  fusion  in  a  bath  of 
metallic  fluorides,  and  electrolyzing  the  resulting  solution,  by  which,  it  is 
affirmed,  the  alumina  is  decomposed  while  the  solvent  remains  unaffected. 
Dr.  Wahl  spoke  in  general  terms  of  certain  technical  applications  of 
aluminium,  especially  to  the  increasing  use  of  ferro-aluminium  by  foundrymen 
to  improve  inferior  irons.  He  also  exhibited  several  medallions  struck  from 
aluminium,  made  by  the  Aluminium  Company,  limited,  at  the  works  at  Old- 
bury,  near  Birmingham,  England.  They  had  been  presented  by  Mr.  H.  Y. 
Castner,  whose  process  is  there  in  operation. 

Adjourned.  H.  W.  Jayne,  Secretary  pro  te»t. 


Following  is  a  list  of  the  members  of  the  Chemical  Section  at  the 
present  time : 

Allen,  A.  W.,  Pencoyd  Iron  Works,  Pencoyd,  Pa. 

Bower,  Henry,  Twenty-eighth  and  Gray's  Ferry  Road. 
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Bower,  W.  H., 
Browning,  G.  G. 
Bullock,  Charles, 
Bullock,  Wm.  W., 
Campbell,  J.  H., 
Carter,  John  E., 
Chase,  Prof.  R.  L., 
Clarkson,  Philip  S., 
Cresson,  Dr.  Chas.  M. 
Day,  Prof.  W.  C  , 
DeBalas,  Victor, 
Eastwick,  J.  H., 
Easf.vick,  A.  T., 
Fisher,  R.  A., 
Frankel,  Lee  K., 
Frazer,  Dr.  Persifor, 
Garrison,  F.  Lynwood, 
Greene,  Dr.  Wm.  H., 
Haines,  Reuben, 
Hall,  Prof.  L.  B., 
Hooker,  Dr.  S.  C, 
Hunter,  Thos.  G  , 
Ives,  Fred.  E., 
Jayne,  E.  C, 
Jayne,   H.  W., 
Keiser,  Dr.  E.  H., 
Keller,  Dr.  H.  H., 
Koeni?,  Dr.  Geo.  A., 
Lea,  M.  Carey, 
Lewin,  F.  C, 
Lewis,  John  T., 
Lichenheim,  Jacob, 
Luthy,  Dr.  Otto, 
McFarlane,  W.  W., 
Matos,  L.  J., 
Morris,  Dr.  L.  1  , 
Morton,  Prof.  Henry, 

Mucklc,  Dr.  Alex., 
Newbold,  Thos.  N., 
Newhall,  Geo.  M., 
Oatley,  Dr.  E.  L., 
Palmer,  T.  C, 
Pemberton,  H., 
Pemberton,  H.,  Jr., 
Petraeus,  C.  V., 
Phillips,  Geo.  B., 


Twenty-eighth  and  Gray's  Ferry  Road. 

44  N.  Front  St. 

528  Arch  St. 

528  Arch  St. 

Kingman,  Mojave  Co.,  Ariz.  , 

Coulter  and  Knox  Sts.,  Germantown. 

1336  Spring  Garden  St. 

Quaker  City  Dye  Works,  110  Oxford  St. 

413  Locust  St. 

Swarthmore  College. 

44  N.  Front  St. 

Wissahickon  Station. 

Wissahickon  Station. 

2239  St.  Alban's  Place. 

University  of  Pennsylvania. 

Drexel  Building,  Room  1042. 

Radnor,  Pa. 

204  N.  Thirty-sixth  St. 

73S  Sansom  St. 

Haverford  College. 

Franklin  Sugar  Retinery. 

Fifty-fifth  St.  and  Paschall  Ave. 

Crosscup  &  West,  Ninth  and  Filbert  Sts. 

242  Chestnut  St. 

931  N.  Broad  St. 

Bryn  Mawr  College. 

University  of  Pennsylvania. 

University  of  Pennsylvania. 

430  Walnut  St. 

loi  I  Spruce  St. 

242  S.  Thirteenth  St. 

1614  N.  Tenth  St. 

2336  Fairmount  Ave. 

1600  Park  Ave. 

3943  Fairmount  Ave. 

2505  Oxford  St. 

Stevens  Institute  of  Technology,  Hoboken, 

N.J. 
1323  N.  Nineteenth  St. 
608  S.  Forty-second  St. 
136  S.  Fourth  St. 
4003  Chestnut  St. 
22  N.  Front  St. 
1947  Locust  St. 
1947  Locust  St. 
231  S.  Front  St. 
622  Race  St. 
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Rand,  Theo.  D., 
Rittenhouse,  H.  N., 
Rowland,  W.  L., 
Sadtler,  Prof.  S.  P., 
Schaffer,  Dr.  Chas., 
Semper,  C.  ]., 
Shaw,   H.  G., 

Smith,  Prof.  Edgar  F., 
Thomas,  Prof.  N.  Wiley, 
Trimble,  Prof.  H., 
Tuttle,  Dr.  N.  K., 
Wahl,  Dr.  Wm.  H., 
Warden,  Henry, 
"Webster,  Geo.  C, 
Weikel,  W.  U., 
Whitney,  Asa  W., 
Wiegand,  S.  Lloyd, 
Wolf,  Dr.  T.  R., 
Wolff,  Lawrence,  M.D., 
Wyeth,  F.  H., 


17  S.  Third  St. 

218  N.  Twenty-second  St. 

4800  Chester  Ave. 

204  N.  Thirty-fourth  St. 

1309  Arch  St. 

505  S.  Forty-first  St. 

Thirty-second  and  Gray's  Ferry  Road,  care 

Kalion  Chemical  Co. 
University  of  Pennsylvania. 
Girard  College. 
632  Marshall  St. 
U.  S.  Mint. 
Franklin  Institute. 

307  Walnut  St.,  18th  St.  and  Allegheny  Ave. 
Media,  Pa. 

Merchantville,  Camden  Co.,  N.  J. 
181  5  Vine  St. 
146  S.  Sixth  St. 
Newark,  Del. 
333  S.  Twelfth  St. 
1412  Walnut  St. 


GIFTS  TO  THE  LIBRARY  of  the  FRANKLIN 
INSTITUTE. 


Agricultural  Experiment  Station  of  the  Agricultural  and  Mechanical  College, 

Alabama.     Bulletin  No.  6.     New  Series.  From  the  Station. 

American   Association  for  the  Advancement  of    Science.     Proceedings  of 

Thirty-seventh  Meeting.  From  the  Association. 

American  Gas  Light  Association   Proceedings.     Vol.  8.     General    Index  to 

Proceedings.     Vols.  I  to  8.  From  the  Secretary. 

American    Institute   of  Mining   Engineers.     Eleven   Pamphlets,  Subject  to 

Revision.  From  the  Institute. 

American  Society  of  Civil  Engineers.     The  New  Notation  of  Time. 

From  the  Society. 
Arkansas  Geological  Survey.     Annual  Report.     18S8.     Vols.  2  and  3. 

From  the  Secretary  of  State. 
Art  Union,  Philadelphia.     Fifth  Report  of  the  Board  of  Managers. 

From  the  Secretary. 
Baker,  L.  W.     The  Alcohol  Habit. 

How  Shall  we  Deal  with  the  Inebriate. 
Infectious  Diseases.  From  the  Author. 

Bombay  Magnetical  and  Meteorological  Observations  made  at  the  Govern- 
ment Observatory.     1887.  From  the  Government. 
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Brown,  Harold  P.     Death  from  Electrical  Currents. 

Electrical  Distribution.  From  the  Author. 

Bundy  Radiator.     Price  List  for  1889. 

From  the  A.  A.  Griffing  Iron  Company. 
Cheritree,  Olive  E.     Evolution.  From  the  Authou. 

Citizens'  Association,  Chicago.     The  Lakes  and  Gulf  Water-way. 

From  Dr.  O.  Guthrie. 
Clark  Electric  Company.     Descriptive  Catalogue. 

From  the  Company. 
Clarke,  J.  M.     Report  on  Bones  of  Mastodon  or  Elephas. 

From  the  Author. 
Clauss  Shear  Company.     Revised  Price  List.  From  the  Company. 

College  of  Science,   Imperial  University,   Tokyo,  Japan.     Journal.     Vol.  3. 

Part  I  and  2.  From  the  College. 

DeBausset,  A.     Looking  Forward.  From  the  Author. 

DePauw  University.     Firty-first  Year  Book.  From  the  Librarian. 

Dyer,  George  L.     Geography  of  the  Sea.  From  the  Author. 

Engine,  Boiler  and  Employers'  Liability  Insurance  Company.     Chief  Engi- 
neer's Report  for  1888.  From  the  Chief  Engineer. 
Exposition  Universelle   Internationale  de  1889.     Congres  Internationale  de& 

Electriciens.  From  Carl  Hering. 

Floods  of  Pennsylvania.  From  Lorin  Blodget. 

French  &  Co.     Illustrated  Catalogue.  From  Benj.  French  &  Co. 

Genth,  F.  A.     Contributions  to  Mineralogy.    No.  44.    On  Two  Minerals  froni 

Delaware  County.  From  the  Author. 

Germanischer  Lloyd.     Internationales  Register.     1889.     Sechster  Nachtrag. 

From  L.  Westergaard  &  Co. 
Goeppelsroeder,  Friedrich.     Ueber  Capillar  Analyse,  mit  Beilagen. 

Farbelectrochemische  Mittheilungen. 

From  the  Author. 
Guthrie,  O.     Memoirs  of  Dr.  Samuel  Guthrie. 

The  Great  Lakes.  From  the  Author. 

Hale,  Edwin  M.     The  Cat  and  its  Diseases.  From  the  Author. 

Harvard  College.     Annals  of  the  Astronomical  Observatory.  Vol.  19.  Part  i. 

Vol.  20.  Part  2.  From  the  Director  of  the  Observatory. 

Hebrew  Technical  Institute.     Annual  Report,  1889. 

From  the  Director  of  Instruction. 

Hichborn,  Philip.     Report  on  European  Dockyards, 

From  the  Navy  Department. 

Houghton,  Mifflin  &  Company.     Portrait  Catalogue. 

From  the  Company, 

Inspector  of  Factories  and  Workshops  of  New  Jersey.     Sixth  Annual  Report 
for  1888.  From  the  Chief  Inspector. 

Institution  of  Civil  Engineers.     Minutes  of  proceedings.     Vol.  97. 
Charter,  Supplemental  Charter,  By-Laws,  and  List  of  Members. 

From  the  Institution. 
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Internal  Affairs  of  Pennsylvania.     Annual  Report  of  the  Secretary   for  1888. 

Part  3.  From  the  Secretary. 

Kansas  Crop  and  Weather  Bulletin.     July,  1S89. 

From  the  State  Board  of  Agriculture. 
Keystone,  The.     January  to  September,  1889.  From  C.  N.  Thorpe. 

Konigliche  Technische  Hochschule  zu  Hannover.     Programm  fiir  das  Stud- 

ienjahr,  1889-90. 
Little   Falls,   N.  Y.     Construction  and  First  Annual  Report  of  the  Board  of 
Water  Commissioners.     Rules  and  Regulations  and   Schedule  of  Water 
Rates.  From  Stephen  E.  Babcock,  Chief  Engineer. 

Maritime  Canal  Company  of  Nicaragua. 
Canal  de  Nicaragua. 

The  Nicaragua  Canal.  From  the  Company. 

Massachusetts.     Bureau  of  Statistics  of  Labor.     19th  Annual  Report. 

From  the  Chief  of  the  Bureau. 
Massachusetts  Census,  1885.  Vol.  i,  part  2,  and  vol.  2. 

From  the  Secretary  of  State. 
Massachusetts  State  Agricultural  Experiment  Station.     Analysis  of  Commer- 
cial Fertilizers.     August,  1889.  From  the  Station. 
Melrose,  Mass.     Report  of  the  Board  of  Water  Commissioners  for  1887  and 

1888.  From  the  Board. 

Meteorological  Office,  London.     Official  Publications,  81  and  82. 

From  the  Office. 
Michaelis,  O.  E.     Lime  Sulphite  Fibre  Manufacture  in  the  United  States. 

From  the  Author. 
Mills,  T.  Wesley.     Physiological   and  Pathological    Reversion. 
Squirrels  ;  their  Habits  and  Intelligence. 

From  the  Author. 
Missouri  School  of  Mines.     Catalogue,  1888-89.     Description  of  Laboratory. 

From  the  Director. 
Morison,  George  S.     Report  on  the  New  Omaha  Bridge. 

From  the  Author. 
Miiller,  Frantisek.     Kompendium  Geodesie.     I  Dil.     Cast  Druha. 

From  Spolku  Architektu  a  Inzenyrn. 

MuUett  Brothers.     Catalogue  and  Price  List.     No.  10. 

From  MuUett  Brothers, 

Mus^e  Teyler.     Archives.     Serie  2.     Tome  3.     3*  partie. 

From  the  Conservator. 

New  Jersey  Agricultural  Experiment  Station.     Bulletin  F.,  56,  57  and  58. 

From  the  Director. 
New  Mausoleum.     A  secure  Sanitary  Sepulchre. 

From  the  New  Mausoleum  Company. 

New  York,  State  of.  Report  of  the  Commission  to  Investigate  and  Report 
the  most  Humane  and  Practical  Method  of  Carrying  into  Effect  the 
Sentence  of  Death  in  Capital  Cases. 

From  Elbridge  T.  Gerry,  Commissioner. 
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Northampton,   Mass.     Reports  of  the  Board  of  Water  Commi'isioners  for 

1884,  1885,  1887  and  1888.  From  the  Board. 

North  Carolina  Sanitary  Association.     Proceedings  of  the  First  Annual  Con- 
vention. 
Patent  Office,  British  : 

Abridgments  of  Specifications  Relating  to  B^-.aching,  Dyeing 
and  Printing  Calico  and  other  Fabrics  ana  Yarns.     1877- 
1883. 
Name  Index.     1888. 
Specifications  of  Inventions.     Vols.  73,  76  to  91,  of  1887.    Vols. 

I  to  8,  of  1888. 
Subject-Matter  Index.     January  to  March,  1889. 

From  the  Commissioners. 
Pawtucket,  R.  I.     Fourth  to  Ninth  Annual  Reports  of  the  Water  Commis- 
sioners and  Superintendent  of  Water  Works. 

From  the  Board  of  Commissioners. 
Peacocke.  John  M.     The  Disposal  of  the  Dead. 

From  the  New  Mausoleum  Company. 
Pennsylvania   Academy  of  the  Fine  Arts.     Circular  of  the   Committee  on 

Instruction.     1889-1890.  From  the  Committee. 

Pennsylvania.     Auditor  General's  Report  on  Banks.     1888. 

Board  of  Agriculture,  Thirty-ninth   and  Fortieth   Quarterly 

Reports. 
Fire  and  Marine  Insurance  Report.     1888. 
State  Librarian's  Report.     1887-1888. 
Superintendent  of  Public  Printing  and  Binding.     1888. 

From  Hon.  Francis  A.  Osbourne. 
Museum  and  School  of  Industrial  Art. 
Circular  of  the  Committee  on  Instruction. 

From  the  Committee. 
State  College  Agricultural  Experiment  Station.  Bulletin  No.  8. 

From  the  Station. 
Philadelphia.     Second  Annual  Message  of  Edwin  H.  Fitler. 

From  his  Honor  the  Mayor. 
Publishers'  Trade  List  Annual.     1887.  From  H.  C.  Baird  &  Co. 

Quarantine  Conference.     Proceedings  held  in  Montgomery,  Ala. 
Rochester,  N.  Y.     Annual  Reports  of  the   Executive  Board  for  1882,   1883, 


1884-5,  '887  and  1888-9. 

From  the  Board 

'al  Dublin  Society  : 

Scientific  Proceedings. 

\o\.  6.     Parts  3  to  6. 

Scientific  Transactions. 

Vol.  4,     Parts  2  to  5. 

From  the  Society 

Royal  6ociety  of  Canada  : 

Proceedings  and  Transactions.     Vol.  6.     1S88. 

From  the  Society. 
Royal  Society  of  New   South  Wales.     Journal  and  Proceedings.     Vol.  22. 
Part  2.  From  the  Society. 
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Scientific  American.     October  i,  1887.     June  8  to  September  7,  18S9. 

From  Spencer  Fullerton. 
Scovill  &  Adams  Company.     How  to  make  Photographs. 

From  the  Company. 
Snyder,  Mary  Kittera.     Life  of  Governor  Snyder.  From  the  Author. 

Societe  des  Ingenieurs  Civils.     Memoires.     Mai,  1889.      From  the  Society. 
State  Depart  Tient,  U.  S.     Reports  from  the  Consuls.     May,  1889. 

From  Edward  Stern  &  Co. 
Soule  Photograph  Company.     Catalogue  of  Photographic  Reproductions. 

From  the  Company. 
Sprague  Electric  Railway  and  Motor  Company.     Publications  Nos.  i',  2*,  5,, 

6>,  7»,  9",  10.  From  the  Company. 

St.  Louis  Health  Commissioner.     Annual  Report  for  the  Year  ending  April 

1889.  From  the  Commissioner. 

Storr's  School  Agricultural  Experiment  Station.     Bulletin  No.  4. 

From  the  Station. 
Straub's  Sub-aqueous  Tunnel.     Description.  From  the  Author. 

Surgeon-General's  Office,  U.  S.  A.    Index  Catalogue  of  the  Library.    Vol.  10. 

From  the  Surgeon-General. 
Taylor,  H.  C.     Control  of  the  Pacific  Water-ways  of  the  Pacific. 

From  the  Nicaragua  Canal  Company. 
Tebbutt's  Observatory,  Windsor,  N.  S.  W.     Report  for  the  Year  1888. 

From  John  Tebbutt. 
Technikum  Mittweida.     Announcement  in  French,  German  and  English. 
Bericht  ijber  das  zweiundzwanzigste  Schuljahr. 

From  the  College. 
Todd,  J.  S.     Medicine  and  Longevity.  From  the  Author. 

Trow's  New  York  City  Directory.     Vol.  100.     1886. 

From  H.  C.  Baird  &  Co. 
Troy,  N.  Y.     Sixty-fourth  Annual  Financial  Report. 

From  the  City  Controller. 
Troy,  N.  Y.     Water  Commissioners.     Twenty-ninth  to  Thirty-fourth  Annual 

Reports  for  Fiscal  Years  1883  to  1889.  From  the  Board. 

Tucker,  Willis  G.     Report  to  the  State  Board  of  Health  of  New  York. 

From  the  Author. 
Union  Switch  and  Signal  Company  Pocket  Reference    Book  0/  Interlocking 

and  Signaling  Devices.  From  the  Company. 

U.  S.  Bureau  of  Education  : 

Circulars  of  Information.     Nos.  i,  2,  3.     1887.     Nos.  5  and  6. 

1887-88. 
Report  of  the  Commissioner.     1886-87.         From  the  Bureau. 
U.  S.  Bureau  of  Education.     Circulars  of   Information.     Nos.  3,  4   and  7  of 

1888 ;  No.  I  of  1889.  From  the  Bureau. 

U.  S.  Bureau  of  Navigation.    Nautical  Almanac  Office.    American  Ephemeris 

and  Nautical  Almanac.     1892.  From  the  Office. 

U.  S.  Bureau  of  Navigation.     Office  of  Naval  Intelligence  General  Informa- 
tion.    Series  No.  8.  From  the  Office. 
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3i8  Books  presented  to  Library.  [J.  F.  I., 

U.  S.  Bureau  of  Statistics : 

Quarterly  Report  of  the  Chief.     No.  2.     1888-89. 

From  the  Chief. 
Tables  showing  Production  and  Consumption  of  Liquors,  etc. 

From  A.  Hosbact. 

U.  S.  Coast  and  Geodetic  Survey.     A  Bibliography  of  Geodesy. 

From  the  Superintendent. 

U.  S.  Cremation  Company.     Opinions  on  Cremation.     From  the  Company. 

U.  S.  Department  of  Agriculture  : 

Division  of  Chemistry.     Bulletin  No.  13. 

Division  of  Economic  Ornithology,  etc.     Bulletin  No.  i. 

Division  of  Entomology.     Periodical  Bulletin  No.  12. 

Division  of  Statistics.     Report  No.  63. 

Forestry  Division.     Bulletin  No.  3.        From  the  Department. 

U.  S.  Department  of  Agriculture  : 

Division  of  Entomology.     Periodical  Bulletin,  July,  1889. 

Farmer's  Bulletin,  No.  i. 

Report  of  the  Statistician,  No.  64. 

Section  of  Vegetable  Pathology,  Quarterly  Bulletin,  June,  1889. 

From  the  Department. 
U.  S.  Department  of  Agriculture  : 

Division  of  Chemistry.     Bulletin  No.  21. 

Office  of  Experiment  Stations.     Bulletin  No.  i. 

Report  of  the  Statistician.     No.  65.       From  the  Department. 

U.  S.  Department  of  the  Interior: 

Twenty-four  Volumes  of  Congressional  Documents. 

From  the  Department. 
U.  S.  Department  of  State  : 

House  Journal,  second  Session  fiftieth  Congress. 

Senate    Miscellaneous   Documents   first   Session  forty-seventh 

Congress.     Vols.  10  and  11. 
Reports  from  the  Counsuls.    May,  1889.     Contents  and  Inde.x. 
Vol.  29.  From  the  Department. 

U.  S.  Department  of  State  : 

Commercial  Relations.     1880-81  and  1S84-85.     (Two  copies.) 

From  A.  Hosbach. 
Commercial  Relations.     1886-87. 
House  Journal.     First  Session.     Fiftieth  Congress. 
Reports  from  the  Consuls.     No.  104.     From  the  Department. 
Reports  from  the  Consuls.     Nos.  28,  35,  49,  51,  81  to  85  and  89. 

From  A.  Hosbach. 

Senate  Journal.     Second  Session.     Fiftieth  Congress. 

From  the  Department. 

U.  S.  Hydrographic  Office.     Philadelphia  Pilot  Chart  of  the  North   Atlantic 
Ocean.     August,  1889.  From  the  Office. 
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U.  S.  Hydrographic  Office,  Philadelphia.     Publications  Nos.  5,  24,  30,  31,  32, 
33.  36,  39.  40,  41.  41',  41'.  49.  59.  66,  70,  74,  75,  77,  78,  82,  84  and  86. 

From  the  Office. 
U.  S.    Interstate   Commerce    Commission.      First   Annual    Report    on    the 
Statistics  of  Railways  in  the  United  States. 

From  the  Hon.  Augustus  Schoonmaker,  of  New  York. 
U.  S.  Patent  Office  : 

Annual  Report  of  the  Commissioner  of  Patents.     1888. 
Specifications  and  Drawings.     May  and  June,  1888. 

From  the  Office. 
U.  S.  Patent  Office.     Annual   Report  of  the  Commissioner  of  Patents  for 

1888.  From  Edward  Stern  &  Co. 

U.  S.  Signal  Office  : 

Report  of  the  Chief  Signal  Officer  for  1888. 
Tri-daily  Meteorological  Record  for  May,  1878. 

From  the  Office. 
U.  S.  Treasury  Department : 

Proceedings.     Thirty-seventh  Annual   Meeting  of  the  Board  of 
Supervising  Inspectors  of  Steam  Vessels.     Part  2. 

From  the  Department. 
Report  of   the   Director  of  the   Mint  upon  the  Production  of 
precious  Metals.  From  the  Director. 

U.  S.  Treasury  Department.*   Reports  of  the  Supervising  Architect.    1S85  and 

1886.  From  the  Supervising  Architect. 

University  of  California.     Register,  1888-89  From  the  University. 

University   of    Pennsylvania.      Handbook   of  Information,    concerning  the 

School  of  Biology.  From  the  University. 

U.  S.     State  Department,  Papers  relating  to  the   Foreign   Relations  of  the 
United  States.     1888.     Parts  i  and  2.  From  the  Department. 


Franklin    Institute, 


\_P>-oceedings  of  the  Stated  Meeting,  held  Wednesday,  September  18,  i88g.'\ 


Hall  of  the  Franklin  Institute,  ' 
Wednesday,  September  18,  1889. 
Dr.  Isaac  Norris,  in  the  Chair. 
Present,  ninety-four  members  and  thirteen  visitors. 
Additions  to  membership  since  last  report,  twenty-two. 
The  report  of  a  special  Committee,  composed  of  Professors  Edwin  J. 
Houston  and  L.  D'Auria.  and  Mr.  Hugo  Bilgram,  who  were  appointed 
to   examine    a   communication    submitted    for   the   award   of   the   Boyden 
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low  pressure  was  accompanied   by  severe  thunderstorms,  and  the  heaviest 
rainfall  of  the  month. 

PRECIPITATION. 

The  average  rainfall  for  the  State  during  the  month  of  August  was  y2^ 
inches.  Considered  as  a  whole,  this  is  about  normal,  but  the  distribution  was 
very  uneven,  and  some  parts  of  the  State  suffered  from  drouth.  The  follow- 
ing are  the  greatest  monthly  totals  in  inches  :  Philadelphia,  7-07  ;  Catawissa, 
617;  Girardville,  603  ;  Pottstown,  505;  West  Chester,  443  ;  Reading,  4'46. 
The  least  were  Wellsboro,  083;  Charlesville,  106;  Hollidaysburg,  i'37; 
Altoona,  r52,  and  Pittsburgh,  188.  With  but  few  exceptions,  very  little  rain 
fell  after  the  middle  of  the  month.     I'p  to  this  lime  showers  were  frequent. 

WIND    AND    WEATHER. 

The  prevailing  winds  were  from  the  west  ;  no  severe  wind-storms  occurred. 
The  weather  was  generally  favorable  for  agricultural  pursuits  and  the  growth 
of  all  staple  crops,  with  the  e.\ception  of  potatoes.  These  have  suffered  from 
rot.     Tlie  corn  crop  will  be  large. 

Averas^t'  Numbi-r. — Rainy  days,  8;  clear  days,  15;  fair  days,  lo;  cloudy 
days,  6. 

MISCELLANEOUS    PHENOMENA. 

Tlmnder-siorms. — Charlesville,  ist;  Reading,  3d,  14th;  Hollidaysburg, 
4th;  Quakertown,  ist,  2d,  3d,  6th,  13th,  14th;  State  College,  14th;  Phillips- 
burg,  7th ;  West  Chester,  3d,  5th,  6th,  9th,  13th,  14th;  Coatesville,  1st,  3d, 
5th,  6th,  9th,  23d ;  Rimersburg,  15th;  Emporium,  14th,  21st;  Carlisle,  5th; 
Swarthmore,  3d,  5th,  7th,  14th;  Uniontown,  3d,  4th,  5th,  14th;  Huntingdon, 
14th,  15th;  New  Castle,  4th,  21st;  Myerstown,  5th;  Greenville.  2d,  3d; 
Pottstown,  3d,  14th;  Bethlehem,  2d,  3d,  14th;  Philadelphia,  1st,  3d,  9th, 
14th,  23d;  New  Bloomfield,  ist,  4th,  14th;  Girardville,  1st,  14th;  Selins 
Grove,  ist,  2d,  3d,  13th;  Somerset,  2d,  3d,  4th;  Eagles  Mere,  20th;  Wells- 
boro, 13th,  2ist;  Columbus,  ist,  14th:  Dyberry,  3d,  6th.  13th,  14th,  21st; 
Petersburg,  14th;  Johnstown,  4th;  Le  Roy,  ist,  14th.  21st;  Blue  Knob,  3d, 
4th,  loth,   13th. 

Frost. — Grampian  Hills,  12th;  Somerset,  12th,  13th;  Wellsboro,  12th, 
30th;  Dyeberry,  2gth  ;  Blue  Knob,  i  ith. 

Coronis. — Greenville,  8th  ;   Dyberry,  4th,  8th. 

Solar  Halos. — Charlesville,   19th,  23d  ;   Le  Roy,  23d. 

Lunar  Halos. — Hollidaysburg,  6th,  9th,  loth. 

WEATHER  FORECASTS. 

Percentage  of  local  verifications  of  weather  and  temperature  signals  as 
reported  by  displaymen  for  August,  1889: 

1  Weather,  84  per  cent. 

Temperature,  90  per  cent. 
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Monthly  Summary  of  Reports  by  Voluntary  Observers  of  the  Pennsylvania  State  Weather  Service  for  August,  1889. 
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Armstrong  &  Brownell. 


NW 


...  SE  Prof  S.  H.  MUler. 

W  W  Charles  Moore,  D.D.S. 

W  W  Lerch  jt  Rice. 

NE  NE  Frank  .Mortimer. 

SW  SW  Luther  M.  Dev,  Sgt.  Sig.  Corps. 

N  N  C.  L.  Peck. 

W  W  EC   Wagner. 

NW  SW  I.  M    Bover, 

NW  NW  W.  .M,  Schiock. 

SW  SW  E.  S.  Chase. 

N  N  H.  D    Deming. 

SW  SW  Wni.  Loveland. 

SW  SW  A.  L.  Runion. 

W  W       ,  Theodore  Day. 

John  Torrey. 

.  .  .    ;      NW  Mis.  L.  H.  Grenewald. 
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TEMPERATURE    AND    WEATHER    SIGNAL    DISPLAY    STATIONS. 
Displaytnan.  Station. 

U.  S.  Signal  Office Philadelphia. 

Wanamaker  &  Brown " 

Pennsylvania  Railroad  Company " 

Continental  Brewing  Company " 

Samuel  Simpson " 

B.  T.  Babbitt 

Western  Meat  Company " 

Neptune  Laundry " 

Chester  Oil  Company Chester. 

C.  W.  Burkhart Shoemakerville. 

A.  N.  Lindenmuth Allentown. 

C.  B.  Whitehead, Bradford. 

Capt.  Geo.  R.  Guss West  Chester. 

Werner  &  Son ....  Emporium. 

C.  E.  Lenhart Latrobe. 

Thomas  F.  Sloan McConnellsburg. 

J.  H.  Fulmer Muncy. 

W.  T.  Butz New  Castle. 

S.  W.  Morrison Oxford. 

Capt.  A.  Goldsmith Quakertown. 

J.  L.  Morrison Sharon. 

Wm  A.  Engel Shenandoah. 

Wm.  Schrock Somerset. 

Postmaster Meadville. 

Frank  Ross Oil  City. 

Lerch  &  Rice Bethlehem. 

John  W.  Aitken Carbondale. 

Signal  Office Erie. 

J.  R.  Raynsford Montrose. 

E.  P.  Wilbur  &  Co South  Bethlehem. 

Agricultural  E.xperiment  Station State  College. 

Signal  Office Pittsburgh. 

E.  H.  Baker, Williamsport. 

New  Era,  .     .         Lancaster. 

State  Normal  School Clarion. 

Clarion  Collegiate  Institute, Rimersburg. 

E.  S.  Chase, Eagles  Mere. 

Thiel  College Greenville. 

D.  G.   Hurley Altoona. 

J.  E.  Forsythe Butler. 

James  H.  Fones, Tionesta. 

Wister,  Hacker  &  Savage Germantown. 

W.  J.  Thompson  &  Co Clifton  Heights. 

Steward  M.  Dreher Stroudsburg. 
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ISOTHERMAL   LINES, 

SHOWING   THE 

NORMAL    TEMPERATURE   OF   PENNSYLVANIA   FOR   AUGUST. 


StaU  Weather  Service 
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MEAN  TEMPERATURE  AND  RAINFALL  FOR  AUGUST,  1889. 
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Displayman.  Station, 

State  Normal  School MiUersville. 

E.  C.  Wagner, Girardville. 

Hartford  P.  Brown Rochester. 

L.  H.  Grenewald, York. 

J.  E.  Pague, Carlisle. 

C.  L.  Peck Coudersport. 

H.  D.  Miller Drifton. 

Smith  Curtis, Beaver. 

M.  Tannehill Confluence. 

S.  C.  Burkholder Pollock. 

Robt.  M.  Graham Catawyssa. 

Henry  F.  Bitner MiUersville. 

A.  J.  Edelman Pottstown. 

A.  M.  Wildman Langhorn. 

N.  E.  Graham, East  Brady. 

B.  F.  Gilmore ' Chambersburg 

Frank  M.  Morrow, Altoona. 

A.  Simon's  Sons Lock  Haven. 

E.  W.  McArthurs Meadville. 

J.  K.  M.  McGovern Lock  No.  4. 

Raftsman  s  Journal, Clearfield. 

VV.  S.  Ravenscroft Hyndman. 

R.  C.  Schmidt  &  Co Belle  Vernon. 

Jesse  R.  Brown Lehmasters. 

H.W.Mullen Centre  Valley. 

Mayer  Bros Bloomsburg. 


JOURNAL 

OF  THE 

Franklin  Institute 

OF  THE  STATE  OF  PENNSYLVANIA, 
FOR  THE  PROMOTION  OF  THE   MECHANIC  ARTS. 


Vol.  CXXVIII.        NOVEMBER,   1889.  No.  5. 


The  Franklin  Institute  is  not  responsible  for  the 
statements  and  opinions  advanced  by  contributors  to  the 
Journal. 

The  aneroid  BAROMETER,  its  VARIOUS  FORMS, 
its   theory   and    its    USE,    with   SPECIAL 
REFERENCE  to  the  DETERMINA- 
TION OK   ALTITUDES. 


Bv    K.    A.    GlESELER,    C.E. 


I.     GENERAL    DISCUSSION. 

The  motor  of  all  aneroids  consists  in  an  hermetically 
sealed  box,  the  air  of  which  has  been  exhausted  as  com- 
pletely as  practicable,  and  the  flexible  sides  of  which  will 
consequently  perform  certain  motions,  when  the  pres.sure  of 
the  atmosphere  changes.  These  motions  are,  however,  too 
small  to  be  perceived  b}-  the  unaided  eye,  and  they  are, 
therefore,  transmitted  to  a  suitable  mechanism,  by  means  of 
"which  they  are  magnified  to  such  an  extent  that  they  can 
be  discerned  and  measured. 

The  invention  of  the  aneroid  dates  back  to  the  beginning 
bf  this  century,  one  of  the  oldest  forms  being  the  one  coa- 
\Vh()[.e   No.  Vol.  C.X.XVHL— (Thirh  Series,  Vol.  xcviii  ^  ~i 
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structed  by  Bourdon,  in  which  the  box  has  the  shape  of  a 
tube  sealed  at  both  ends,  and  bent  into  the  shape  of  a  circle. 
A  small  open  space  remains  between  the  two  ends,  and  dia- 
metrically opposite  this  ^;ap  the  tube  is  fastened  to  a^  sup- 
porting- plate.  The  cnjss-section  of  this  tube  is  either  rec- 
tangular or  oval,  and  the  direction  of  its  greatest  height  or 
diameter  stands  at  right  angles  to  the  plane  of  the  circle 
into  which  the  tube  has  been  bent,  which  is  parallel  to  the 
supporting  plate. 

When  compressed  air  or  steam  is  admitted  into  such  a 
tube,  the  inner  pressure  thus  created  will  have  the  tendency 
to  straighten  it,  on  account  of  the  excess  of  pressure  exer- 
cised on  the  greater  area  of  the  outer  circular  side  as  com- 
pared with  the  smaller  area  of  the  inner  circular  side.  Any 
increase  of  the  inner  pressure  will  result  in  a  further  flatten- 
ing of  the  circle  into  which  the  tube  has  been  bent,  while  a 
decrease  of  it  will  cause  such  curve  to  be  sharpened. 

Precisely  the  reverse  will  take  place,  when  the  tube  has 
been  exhausted,  because  then  the  acting  force,  instead  of 
being  an  inside  pressure,  will  be  the  outside  pressure  of  the 
atmosphere.  The  tube  being  held  as  described  before  at 
one  point  only,  which  is  situated  diametrically  opposite  the 
opening  between  the  two  ends,  it  is  evident  that  the 
changes  of  form  of  the  curve  must  resiilt  in  movements  of 
these  ends ;  itnder  the  influence  of  high  atmospheric  pres- 
sure they  will  approach  each  other,  while  a  decrease  of  pres- 
sure will  widen  the  gap  between  them.  The  movements  of 
the  ends  are  transiiiitted  by  a  simple  arrangement  to  a  hand 
pointing  on  a  graduated  dial.  They  are  magnified  either 
by  levers  acting  on  the  sliort  arm  of  the  hand  or  pointer,  or, 
when  the  latter  is  mounted  centrally,  by  means  of  a  toothed 
wheel  and  pinion. 

This  form  of  the  aneroid  has  nowadays  been  entirely 
superseded  by  others,  in  which  the  vacuum  box  has  the 
shape  of  a  flat  cylinder,  into  the  upper  and  lower  circular 
ends  of  which  concentric  grooves  are  pressed  in  order  to 
equalize  the  motions  performed  bv  them  imder  the  influence 
of  the  varying  atmospheric  pressure.  To  the  side  of  the 
vacuum  box  is  soldered  a  small  tin  pipe,  through  Which  the 
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air  is  exhausted.  After  this  has  been  done  the  pipe  is  sealed 
and  the  upper  and  lower  ends  of  the  box  are  now  deflected 
towards  its  interior  by  the  pressure  of  the  atmosphere,  the 
amount  of  such  deflections  for  a  given  pressure  being 
dependent  on  the  strength  of  the  plates.  This  must  be 
sufficient  to  prevent  too  great  a  departure  from  the  horizon- 
tal positions,  in  order  not  to  strain  the  plates  beyond  their 
limit  of  elasticity.  The  movements  are,  therefore,  neces- 
sarily small :  a  fall  of  yj^  of  an  inch  in  the  mercurial  barom- 
eter corresponding  to  an  approach  of  about  ^(,^m,  of  an  inch 
of  the  plates  of  the  vacuum  chamber. 

II.     THE  NAUDET  ANEKOID. 

To  measure  such  exceedingly  srnall  quantities,  one  class 
of  modern  aneroids  is  provided  with  an  ingenious  mechan- 
ism invented  by  Vidi  and  later  improved  by  Naudet,  the 
main  parts  of  which  are  shown  in  Fig.  i. 


B  B 

Fig.  1. 
I  To  the  base  or  foundation  plate  B  B  are  firmly  attached 
a  laminated  spring  5  and  the  vactium  chamber  V.  The  latter 
carries  upon  its  centre  afl  upright  pillar  P,  which  passes 
through  an  opening  in  the  spring  and  presses  on  its  upper 
side  by  means  of  the  knife  edge  K.  An  elastic  system  is  in 
this  way  formed  by  vacitum  chamber  and  spring  and  the 
pulsations  of  the  former  will  be  imparted  to  the  latter.  The 
horizontal  arm  A  is  firmly  attached  to  the  spring  and  will 
therefore  follow  its  movements.  These  will  appear  in  a 
magnified  scale  at  the  end  L  and  are  transmitted  by  the  two 
links  L  and  L'  to  the  rocker  shaft  R,  which  turns  in  bearings 
attached  to  the  base  plate,  but  not  .shown  in  the  diagram. 
The  turning  motions  of  A'  are  further  magnified  by  the  arm 
A'  and  thence  transmitted  by  a  small  chain  Cto  the  central 
shaft  /,  which  carries  the  index  pointer.  The  required  ten- 
sion on  the  chain  is  produced  by  a  spiral   spring  acting  on 
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the  L'cntral  shaft.  This  spring  and  the  bearings  for  the  cen- 
tral shaft  are  not  shown  in  the  diagram. 

The  graduation  of  the  dial  on  which  moves  the  index 
pointer,  like  the  hand  on  a  watch  dial,  is  made  to  correspond 
as  nearly  as  possible  with  the  reading  of  the  mercurial 
barometer,  and,  like  the  latter,  is  expressed  in  millimetres 
or  in  inches.  Perfect  accuracy  in  this  respect  cannot  be 
attained;  there  will  always  Vje  required  a  certain  correction 
for  graduation.  This  and  the  corrections  for  temperature 
are  the  most  important  ones  for  practical  work  and  will  be 
discussed  further  below. 

As  apparent  from  the  above,  the  use  of  the  Naudet  ane- 
roid is  ver\-  simple;  in  fact,  the  handling  and  reading  of  no 
instrument  could  be  simpler.  Btit  this  advantage  is  obtained 
by  means  which,  in  themselves,  constitute  the  source  of 
undoubted  defects.  The  magnification  and  the  measuring 
of  the  small  movements  of  the  vacuum  chamber  are  per- 
formed by  means  of  an  exceedingly  delicate  mechanism, 
which  is  liable  to  get  out  of  order  unless  great  care  is  exer- 
cised in  handling  and  transporting  the  instrument.  Such 
constant  and  unremitting  care,  however,  cannot  be  exercised 
under  all  circumstances,  especially  not  in  our  country  where 
the  aneroid,  in  the  hands  of  the  railroad  engineer  for 
instance,  is  frequently  subjected  to  swift  transportation  on 
horseback  over  many  miles  of  rough  countrv',  the  jolting  and 
jarring  of  which  are  almost  certain  to  prove  injurious  to  the 
instrument.  Even  ordinary  transportation  in  good  packing 
frequently  puts  a  Naudet  out  of  working  order,  and  no|dealer 
in  these  instruments  can  warrant  their  safe  arrival  at  the 
end  of  a  long  railroad  journey. 

Hence  the  frequent  complaints  of  engineers,  who  have 
bought  instruments  in  New  York  or  some  other  great  centre 
and  to  their  dismay  find  them  giving  out  completely  when 
needed,  a  calamity  which  will  be  all  the  more  annoying, 
when  it  happens,  as  it  naturally  often  does,  at  a  place  far 
removed  from  any  facilities  for  repairing. 

Aside  from  such  heavy  shocks,  which  may  at  once  render 
a  Naudet  perfectly  useless,  an  instrument  actually  used  in 
the  field  is  necessarily  exposed  to  small  shocks,  which  even 
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the  most  careful  and  experienced  observer  cannot  entirely 
avoid,  and  the  continuance  of  which  tends  to  produce  a 
slackening  of  the  mechanism.  The  gradual  deteriorating 
from  this  cause  of  Xaudet  aneroids,  during  their  use  in  the 
field,  is  a  well-established  fact,  even  when  they  are  in  the 
hands  of  the  best  obser\'ers  (Report  of  Mr.  J.  Campbell. 
R.N.,  published  in  U.  S.  Monthly  Weather  Rcviczi.',  September 
1879). 

Finally  a  very  important  defect  should  be  mentioned 
here,  which  may  not  inadequately  be  tenned  the  "  elastic 
reaction  "  of  the  instrument  and  which  asserts  itself  in  the 
tardiness  Avith  which  the  mechanism  accommodates  itself 
to  changes  in  atmospheric  pressure. 

C.  Kroeber,  in  his  experiments  with  Xaudet  aneroids 
(Zeitschrift  fiir  J^Tviessiingsicesen,  Heft.  8, 1881 ),  has  found  that 
it  took  the  instrument  about  two  days  to  accommodate  itself 
to  a  change  of  pressure  corresponding  to  five  inches  of  the 
mercurial  column,  the  readings  taken  immediately-  after  the 
pressure  had  been  changed  differing  nearly  two-tenths  of 
an  inch  fnjm  the  final  ones.  If  not  considered  in  the  case 
of  a  measurement  of  altitudes  this  difference  would  have 
constituted  an  en-or  of  about  200  feet  in  aboiit  5.000  feet. 

It  is  triie  that  the  quality  of  "elastic  reaction"  in  a 
measure  is  common  to  all  aneroids,  but  it  is  especially  pro-- 
nounced  in  the  Xaudet,'  on  account  of  its  peculiar  and  com 
plicated  mechanism.  As  apparent  from  the  above,  the  latter 
circumstance  constitutes  the  origin  of  several  serious 
defects,  the  only  remedy  for  which,  evidently  consists  in  a 
simplification  of  the  mechanism. 

But  it  is  as  evident  that  such  a  simplification  could  not 
be  attained,  without  at  the  same  time  sacrificing  in  a  meas- 
ure the  ease  and  simplicity  of  handling  and  reading  the 
instrument.  Some  of  the  work,  which  in  the  Naudet  aner- 
oid is  performed  by  the  complicated  mechanism  itself,  in  an 
instrument  of  simpler  construction  necessarily  had  to 
devolve  on  the  observer.  The  difficulty  then,  consisted  in 
harmonizing,  in  the  most  advantageous  manner  possible, 
requirements,  the  fulfilment  of  one  of  which  impaired  the 
fulfilment  of  the  other. 
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This  problem  was  solved  after  years  of  experiments  by 
J.  Goldschmid,  of  Zurich,  about  i860,  through  an  entirely 
novel  construction,  in  which  the  movements  of  the  vacifum 
chamber  are  measured  by  a  micrometer  screw  acting  on  a 
peculiar  lever  arrangement,  combined  with  optical  magnifi- 
cation. In  the  followintr  diag-ram,  the  left-hand  side  of 
which  represents  a  section  through  the  instrument,  the 
exceedingly  simple  arrangement  of  the  working  parts  is 
clearly  shown. 

.To  the  centre  of  the  top  of  the  vacuum  chamber  A  A  is 
soldered  a  crank-shaped  piece,  which  ends  at  one  extremitv 
in  an  upward  turned  knife  edge  ;  the  latter  supports  the 
main  lever  c  c" ,  which  in  its  turn  swings  freely  around  the 
fulcrum  c" .     The  movements  of  the  vacuum   chamber   are 


Fio.  3. 

transmitted  by  the  supporting  knife  edge  to  the  main  lever, 
the  end  e  of  which  carries  a  small  'hammer-shaped  piece. 
On  the  face  of  this  is  marked  a  horizontal  index  line,  which 
will  move  vertically  up  and  down,  according  to  the  varying 
pressure  of  the  atmosphere.  These  movements  take  place 
alongside  of  a  vertical  ivorv  scale,  which  serves  to  measure 
them  and  which  bears  a  graduation  corresponding  to  the 
full  inches  of  the  mercurial  column  (see  the  right-hand  side 
of  Fig.  ^,  which  shows  the  hammer  and  scale  in  front  view).' 
While  from  the  ivory  scale  the  full  inches  onh-  of  the 
aneroid  reading  can  be  taken,  the  following  arrangement 
serves  for  measuring  the  tenths  and  hundredths  of  inches. 
A  line  and  light  spring  c'  c"  is  soldered  to  the  main  lever 
near  the  end  c" ;  at  the  other  end  c'  it  carries  a  small  ham- 
mer, similar  to  tl;ie  one  described  before ;  when  no  pressure 
is  exercised  on  the  spring  this  hammer  is  held  by  the  ela.s- 
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ticitvof  the   same   a  little   above  the  top  of  the  hammer  c, 
standing  at  the  same  time  sideways  of  it. 

To  the  cover  T  T,  of  the  brass  case  enclosinj^  the  entire 
apparatus,  is  attached    the  micrometer  screw  M,  which  can 
therefore   be    screwed    up   or   down  by  turning  such  cover. 
The  lower  pointed  end  of  the  micrometer  acts  on  the  spring 
^ '  e".  and  when  a  reading  is  to  be  taken  it  is  screwed  down 
nil  the  spring  has  been  depressed  so  much  that  the  index 
ne  of  e'  coincides  with  the  index  line  of  <"._ 
It  is  at  once  clear  that  this  position  of  the  two  hammers, 
which  is  shown  in  the  diagram,  corresponds  to  a  certain  dis- 
tance  between  the  point  of  the  micrometer  screw  and  the 
main   lever,  a  distance   which   remains  the  same  for  all  the 
■,  .irious  positions  into   which  the  main  lever  may  be  raised 
■'   lowered    bv   the  movements   of  the  vacuum  box.     The 
■int  up  to  which  the  micrometer  screw  has  to  be  screwed 
wn,  in  order  to  make  the  two  index  lines  coincide,  is  thus 
ade  a  measure  of    the  position  in  altitude  of  the  main 
;._ver.     This   measure   is   read   by   means  of   a   graduation 
engraved  on   the  circumference   of  the  cover  and  dividing 
the  same  into  100  equal  parts,  each  of  which  corresponds  to 
"L-  hitndredth .  of  an  inch  of   mercurial  barometer  height. 
'le   graduation  is  so  wide  that  thousandths  can  easily  be 
-timated. 
The    modus    operaiid'i    then,    in    vising    the    Goldschmid 
aneroid,  is  as  follows: 

The  outer  morocco  case  of  the  instrument  is  opened,  and 
'  Iding  the  latter  in  a  horizontal  position  the  cover  is 
-.rewed  down,  while  at  the  same  time  the  two  little  ham- 
mers, protruding  from  the  brass  case  through  a  window-like 
'  opening,  are  observed  bv  means  of  the  attached  micro.scope. 
When  the  upper  hammer  is  seen  to  commence  moving 
<]ownward,  then  the  micrometer  screw  should  be  turned 
refuUy  and  slowly,  and  when  the  two  index  lines  coincide 
;:  IS  stopped  entirely.  Before  such  coincidence  is  obtained 
the  instrument  should  be  tapped  lightly  on  the  top,  in  order 
to  eliminate  any  inertia  of  the  mechanism.  It  is  very 
important  that  this  tapping  should  always  be  done  in  the 
same  position  of  the  hammers,  because  if,  for  instance,  it  is 
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done  sometimes  before  coincidence  and  at  other  times  at 
coincidence,  then  differences  in  the  readings  will  be  the  con- 
sequence, that  may  amount  to  as  mitch  as  y^^  of  an  inch. 
In  order  to  insure  uniformity  in  this  respect  it  is  advisable 
to  make  it  a  standing  rule,  to  tap  i^'hcn  the  lower  edge  of  tlte 
upper  haiiiiiier  arrives  at  coincidenee  witli  the  index  line ;  thence 
forward  the  screw  should  be  turned  very  carefully,  avoiding 
all  further  shocks. 


IV.       DISCUSSION    IIF    THE    CORRECTIONS. 

.In  order  to  find,  from  the  reading  obtained  by  a  Xaudet 
or  a  Goldschmid  aneroid,  the  height  of  the  mercurial  column 
of  32°  Fahrenheit  temperature,  corresponding  to  the  same 
pressure,  three  corrections  are  required,  viz  :  for  tempera- 
ture, for  graduation  and  for  position,  the  latter  not  being 
required  when  the  instrument  is  used  for  measuring  alti- 
tudes only. 

Let  ^-/  represent  the  reading  of  the  aneroid,  /"the  tem- 
perature of  the  instrument  in  degrees  Fahrenheit,  and  A^ 
the  reading  that  would  have  been  obtained  if  the  tempera- 
ture had  been  32°  Fahrenheit,  then  we  have,  concerning  the 
correction  for  tempei'ature: 

wherein  «  is  the  coefficient  for  temperature,  the  structure  of 
the  function  /  for  the  present  remaining  undecided. 

Regarding  the  correction  for  graduation,  aneroids  a:;- 
generally  set  so,  that  at  a  reading  of  thirty  inches  there  i.- 
coincidence  between  them  and  the  mercurial  barometer. 
after  the  correction  for  temperature  has  been  made  on  both. 
The  coefficient  of  graduation  is  the  difference  between  one 
inch  of  the  mercurial  column  and  one  inch  of  the  aneroid 
graduation:  this — multiplied  by  the  difference,  thirty — read- 
ing, clearly  renders  the  correction  for  graduation.  Hence 
we  have 

wherein  />'„  the  height  of  the  mercurial   column  reduced  to 
the  freezing  point  and  /3  the  coefficient  for  graduation. 
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The  above  described  coincidence  between  the  aneroid 
and  the  mercurial  at  thirty  inches,  even  if  completely 
attained,  rarely  lasts  long,  and  in  order  to  compensate  for 
this  a  constant  must  be  added  to  the  right-hand  side  of  the 
above  equation.  This  constant  is  the  correction  for  position 
and  is  generally  designated  bv  the  letter  C :  we  therefore 
have  finallv 

Proceeding  now  to  discuss  the  structure  of  the  above 
function  of  /,  equation  ( n,  it  should  be  remembered  that 
each  change  in,  temperature  causes  two  different  forces  to 
act  on  the  mechanism.  In  the  first  place,  the  corrugated 
surface  of  the  vacuum  chamber  having  a  greater  area  than 
corresponds  to  its  circumference,  is  expanded  too  much  by 
a  rise  in  temperature,  and  this  excess  of  expansion  causes  a 
depression  of  the  surface.  The  reason  why  the  latter  is  not 
raised  instead  of  being  depressed  is  to  be  found  in  the  circum- 
stance, that  in  all  good  instruments  it  is  bent  slightly 
towards  the  interior,  so  that,  even  under  a  minimum  of 
atmospherical  pressure,  it  will  only  rise  about  to  the  horizon- 
tal, but  never  bulge  outward  beyond  this. 

The  second  force  is  created  by  the  small  quantity  of  air, 
present  in  all  so-called  vacuum  chambers,  being  expanded  by 
the  additional  heat  imparted  to  it,  thus  exercising  an  inside 
pressiire,  that  tends  to  counteract  the  first  described  force. 

In  the  Naudet  aneroid  the  chamber  is  exhausted  as  much 
as  possible,  and  the  inside  pressure  caused  by  a  rise  of  tem- 
perature under  all  ordinary  circumstances  is  therefore  much 
smaller  than  the  force  caused  by  surface  expansion  of  the 
box  and  pressing  such  surface  towards  the  interior.  These 
instruments  will  therefore  be  affected  by  a  rise  of  tempera- 
ture in  the  same  way  as  by  an  increase  of  atmospherical 
pressure,  that  is,  the  reading  of  the  instrument  will  become 
higher.  Hence  the  correction  for  temperature  in  Xaudet 
aneroids  is  subtractive  for  all  temperatures  above  the  freez- 
ing point  and  additive  for  all  temperatures  below. 

From  what  has  been  said,  it  is  clear  that  the  second  or 
inside  force  can  be  increased  by  admitting   additional    air 
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into  the  vacuum  chamber,  and  it  was  suggested  by  Professor 
Kohlransch,  that  in  this  way  the  two  forces  might  be  made 
to  cotinterbalance  each  other  entirely,  thus  reducing  the 
correction  for  temperature  to  nothing.  The  impossibility.of 
this  was  demonstrated  bv  Professor  Weilenmann,  whose 
extensive  theoretical  and  experimental  researches  on  this 
subject  rendered  the  following  results  : 

( I )  When  the  temperatures  are  plotted  as  ordinates  and 
the  corrections  pertaining  to  them  as  abscisses,  then  a  para- 
bola is  obtained. 

12)  The  apex  of  this  parabola  can  be  shifted  to  lower  or 
higher  temperatures,  bv  respectively  increasing  or  diminish- 
ing the  amount  of  air  contained  in  the  chamber. 

Althoughthe.se  principles  differ  theoretically  from  Bauern- 
feind's  opinion,  that  the  correction  for  temperature  increases 
in  direct  proportion  to  the  temperature,  yet  for  Naudet 
aneroids,  with  highly  exhausted  chambers,  there  is  no  great 
practical  difference  between  both  assertions.  This  will  be 
seen  clearly  from  the  following  diagram,  in  the  left-hand 
part  of  which  a  correction  curve  for  temperature  is  shown, 
that  was  obtained  by  Professor  Weilenmann  from  actual 
tests  with  an  aneroid,  the  chamber  of  which  was  exhausted 
as  completelv  as  possible.  For  all  such  temperatures  as  are 
likelv  to  occur  in  practical  work,  this  curve  does  not  depart 
niateriallv  from  a  straight  line,  which  latter  would  be  the 
expression  of  Bauernfeind's  law  in  the  diagram. 

TKMl'KRA  ll'RK     IN    DEGREES    CELSIUS. 

Professor  Weilenmann's  above  named  principles  have 
been  utilized  in  the  construction  of  the  Goldschmid  aneroid 
for  the  purpose  of  reducing  as  much  as  possible  the  correc- 
tion for  temperature.  An  amount  of  air  corresponding  to  a 
few  inches  of  the  mercurial  column  is  admitted  into  the 
vaccuum  chamber,  thereby  shifting  the  apex  of  the  parabola 
to  near  the  freezing  point  and  consequently  reducing  to 
practically  nothing  the  corrections  in  that  vicinity.  An 
example  of  this  is  given  in  the  right-hand  part  of  Fig.  j, 
where  a  correction  curve  is  shown  for  a  vacuum  box,  which 
contained  an    amount   of    air  corresponding   to  six  inches 
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,  of    the    mercurial    column.     The    characteristic  differences 

\  between  this  curve  and  the  high  vacuum  curve  in  the  left- 
hand  part  of  the  same  diagram,  are  at  once  apparent  and 
strikingly  to  the  advantage  of  the  former.  Under  the 
influence  of  high  temperatures  the  inner  pressure  nc^w 
exceeds  the  force,  bending  the  surface  towards  the  in- 
terior, in  other  words,  stach   influence  will   act  on    the  Gold- 

\  schmid  aneroid  like  a  decrease  of  atmos])heric  pressure. 

f  Slimming  up,  we  find  that  the  correction  for  temperature 
for  the  (loldschmid  instruments  in  the  vicinity  of  the  freez- 
ing point  i.s  practically  nothing,  again,  that  as  a  general  rule 
it  is  evervwhere  considerablv  less  than  for  the  Naudet 
;.neroid  or  for  the  mercurial  barometer,  and,  finally,  that  what 
/ittle  there  is  of  it,  is  additive. 

While  the  Goldschmid  aneroid  is  not  claimed  to  be 
entirely  compensated  for  temperature,  the  corrections  for 
the  latter  are  doubtless  in  it  reduced  to  very  small  quanti- 

;  -ties,  a  table  of  which,  resulting  from  careful  tests  made  by 
the  manufacturer,  accompanies  every  instrument. 

For  .some  of  the  Naudets  in  the  market,  entire  compen- 
•  tion  is  claimed,  but  if  the  practical  test  is  made,  probably 
one  out  of  ten  will  be  actually  found  so,  while  the  correc- 
tions of  most  of  the  rest  %vill  exceed  those  of  the  Gold- 
schmid, without  the  purchaser  being  furnished  with  a  table 
for  them. 

A  simple  and  ver\-  eft'ective  method  of  ascertaining  the 
rrection  for  temperature  consists  in  the  use  of  warm,  tepid 
:ind  cold  water  baths,  and  finally  the  ice  bath.  By  their 
means  the  inner  temperature  of  an  instrument  can  be  varied 
from  the  freezing  point  upward,  to  say  100°  or  more.  The 
observations  must  of  course  be  made  together  with  obser- 
vations on  a  mercurial,  and  both  are  recorded  in  about  the 
following  wa\- : 
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Mbrcukial 
Thermumbtbh. 

Aneroid. 

^0 

A 

t 

A' 

29 

094  —  .-I' 

* 

I 

2 

3 

4 

5 

I<l-I49 

29073 

670 

29016 

0-078 

^9  .48 

29-070 

66-2 

29-014 

o-o8o 

29143 

29073 

750 

29  022 

0-072 

=9-132 

29-074 

744 

29-035 

0-059 

etc. 

elc. 

etc. 

etc. 

etc. 

In  this   tal 

Die 

the 

letters 

at 

the 

heads 

of 

the 

various 

columns  have  the  following  ineaning: 

(i  I  £>,iis  the  reading  of  the  mercurial  ban mieter  in  inches 
and  decimals,  as  reduced  to  the  freezing  point. 

(2)  A  is  the  reading  of  the  aneroid  under  the  same  pres- 
sure. 

(3)  /is  the  inner  temperature  of  the  aneroid  in  degree;- 
Fahrenheit  and  decimals. 

.  (4)  A'  is  what  the  aneroid  would  have  read,  if  the  pre.-<- 
sure  during  the  entire  series  of  observations  had  constantly 
remained  at  B\,  =  29-094  ( this  being  the  average  of  all  the 
Bf,  of  the  entire  series). 

The  value  of  J' is  found  in  the  following  manner:  In 
the  case  of  the  actual  example  cited  here  a  preliminary 
determination  had  been  made,  showing  that  rooo  inch  nf 
the  aneroid  corresponded  to  cgjo  inch  of  the  mercurial 
column.  If,  therefore,  in  the  case  of  the  first  observatio'.i 
for  instance,  the  mercurial  barometer  had  read  29'og4  ( instead 
of  29-149),  that  is  0'055  less  than  it  actually  did  read,  then 
the  aneroid  would  clearly  have  read  yj  ■  0'055  =  o-057  les- 
than  it  actually  did  read,  that  is  to  say  29-073 — o'057 — 
29"oi6.  The  difference  between  the  value  29-094 — A'  as 
found  for  the  freezing  point  and  as  found  for  any  other 
temperature  renders  the  correction  for  such  temperature. 
These  differences  should  be  found  for  the  various  tempera- 
tures from  the  freezing  point  upward  to  say  100°  F.,  and 
then  plotted,  as  shown  in  Fig.j;  from  the  cur\^e  thus  obtained 
a  table  of  corrections  is  easily  deduced. 
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The  correction  for  graduation  has  been  assumed  in  equa- 
tion (2)  to  stand  in  direct  proportion  to  the  difference  30. — 
Reading,  an  assumption,  which  .although  not  strictly  correct 
is  sulificiently  so  for  most  practical  purposes. 

Each  Goldschmid  aneroid  being  furnished  with  a  table 
>■'.  corrections  for  graduations,  as  well  as  for  temperature, 
:r.e  owner  of  one  of  these  instruments  is  saved  the  trouble 
'  f  investigations  in  this  respect. 

For  Naudet  aneroids  these  tables  have  to  be  obtained  by 
the  purchaser,  through  direct  comparison  of  the  aneroid 
with  the  mercurial  barometer,  the  readings  of  both  being 
reduced  to  the  freezing  point    by   means   of  the   previously 
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determined  correction  for   temperature.     The  observations 
are  recorded  in  tabulated  form  as  follows  : 


B,. 

A 

29-960 

29 '450 
38-940 

t                               Aa 

A„-Bk, 

29-97. 
29-420 
28-870 

72                             30-000 
76                            29-500 
78              ,               29-000 

I 

0-030 
o-o8o 
0-130 

wherein  the  various  letters  have  the  same  meaning  as  in 
equations  (i)  and  (2).  From  the  table  it  is  seen  that  in  this 
case  the  constant  correction  for  position  was 

f  =— 0-03 

and  that  rooo  inch  of  the  aneroid  correspond  to    1100  inch 
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of  the  mercurial;  the  coefficient  of  graduation  therefon- 
was 

,j  =  — OlOO 

and  by  means  of  these  figures  a  table  of  corrections  for 
graduation  can  easily  be  worked  out  according  to  equa- 
tion (2). 

But  if  it  is  desired  to  use  the  aneroid  at  great  altitudes, 
then  it  would  not  be  safe  to  assume  the  coefficient  /3  to 
remain  constantly  the  same,  and  the  investigation  should 
in  this  case  be  extended  to  lower  pressures,  either  by 
making  comparisons  between  the  mercurial  barometer  and 
the  aneroid  at  various  altitudes,  or  by  making  them  by 
means  of  the  air-pump.  If  the  latter  method,  however,  is 
selected,  then  a  certain  correction  of  the  results  will  have 
to  be  made,  the  nature  of  which  is  explained  bv  Dr.  C 
Koppe  as  follows : 

Suppose  an  aneroid  and  a  mercurial  barometer  to  be  at  the 
same  locality  and  subjected  to  the  same  atmospheric  pres- 
sure, and  again  suppose  a  sudden  decrease  of  the  force  of 
gpravity  to  take  place  there.  What  influence  would  such  an 
event  have  on  the  reading  of  the  two  instruments  ? 

Manifestly  the  reading  of  the  mercurial  barometer  would 
not  be  affected  in  the  least,  the  weight  of  the  column  of  air 
being  diminished  in  the  same  ratio  as  that  of  the  mercurial 
column. 

It  would  be  quite  different,  however,  with  the  aneroid. 
While  the  weight  of  the  column  of  air  has  diminished,  the 
elastic  force  of  the  vacuum  chamber  has  remained  the  same  , 
the  instrument  will  therefore  record  a  lower  pressure. 

Consequently,  if  a  journey  is  undertaken  with  an  ancvoui 
and  a  mercurial  barometer,  which  read  precisely  alike,  then 
the  coincidence  between  both  will  only  last  as  long  as  the 
force  of  gravity  remains  unchanged.  But  this  force  i^ 
different  in  different  latitudes,  and  at  different  altitiides,  an(: 
from  the  latter  circumstance  results  the  necessity  of  a  cor- 
rection of  such  tables  for  graduation,  that  were  obtained 
by  means  of  the  air-pump. 

It  is  clear  froip  the  above  that  a  reading  of  twenty-four 
inches  of  the  mercurial  barometer,  taken  at  the  level  "of  the 
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sea  under  an  air-pump,  indicates  a  greater  actual  pressure  of 
air  than  the  same  reading  taken  at  an  altitude  of  7,000  feet 
above  the  level  of  the  sea.  Hence,  a  correction  has  to  -be 
added  to  the  reading  of  the  aneroid  at  7,00a  feet  altitude,  in 
order  to  obtain  coincidence  of  such  reading  with  the  mercu- 
rial barometer.  The  amount  of  this  correction  has  been 
computed  by  Professor  Weilenmann  as  follows : 

Reading  (inches), .  3i"5  28*0  24*0  20-0  160 

Correction,   .     .     .     o  +o'io5       ^0189       —  o'27o        -  o'3l2 

The  arithmetical  sums  of  these  figures  and  the  corre- 
sponding corrections  found  by  means  of  the  air-pump  are 
the  final  corrections  for  graduation. 

The  difficulty  caused  by  "  elastic  reaction,"  which  was 
mentioned  in  the  beginning  of  this  article  is,  of  course, 
present  also  in  the  Goldschmid  aneroid,  and  the  above 
investigations,  as  well  as  all  measurements  of  altitudes, 
should  be  carried  on  with  due  regard  to  it.  The  instru- 
ment must  be  given  time  in  order  to  fully  accommodate 
itself  to  any  sudden  changes  of  pressure. 

But  while  Kroeber  found  that  the  Naudet  required  days 
for  this,  he  found  the  Goldschmid  practicalh-  accommodated 
after  one  or  two  hours.  Again,  he  found  the  extreme  dif- 
ferences resulting  from  elastic  reaction  in  the  latter  instru- 
ment only  about  one-fourth  of  those  in  the  former.  Both 
these  advantages  of  the  Goldschmid,  as  compared  with  the 
Naudet,  are  doubtless  due  to  the  extreme  simplicity  of  the 
former's  mechanism,  and  in  view  of  them  it  may  be  safely 
as.serted  that  the  gradual  changes  of  pressure,  taking  place 
during  ordinary-  explorations  of  mountainous  country,  will 
not  produce  any  appreciable  errors  of  elastic  reaction  in  the 
Goldschmid  aneroid. 

V.       THE     UETERMINATION    OF    DIFFERENCES    OF    .ALTITUDE    KV 
MEANS   OF  THE    ANEROID.  BAROMETER. 

The  measuring  of  altitudes  b\-  means  of  the  barometer, 
is  mainly  based  on  two  suppositions,  viz  :  Firstly,  that  the 
atmospheric  strata  of  equal  pressure  are  horizontal,  and 
secondly,  that  the  temperature  of  a  vertical  column  of  air  is 
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equal  to  the  arithmetical  mean  of  the  temperature  observed 
at  its  top  and  at  its  bottom. 

•  These  two  conditions  are  probably  never  fulfilled  com- 
pletely in  nature,  but  they  are  always  fulfilled  more  or  iess 
approximately.  On  the  o^reater  or  smaller  deviation  from 
them  of  the  actually  existing  conditions,  depends  the  exacti- 
tude of  the  result  in  each  case,  leaving  out  the  considera- 
tiiin,  of  course,  of  avoidable  errors  of  observations. 

In  accordance  with  the  two  principles  mentioned,  the 
process  of  barometric  measurement  may  be  described  thus  : 
By  means  of  the  barometer,  be  it  a  mercurial  or  be  it  an 
aneroid,  the  -iveiglit  of  a  column  of  air  is  determined,  and 
from  the  observed  temperature  of  such  column  its  length  is 
found. 

During  observations  for  altitude,  therefore,  the  tempera- 
ture of  the  air  as  well  as  that  of  the  instrinneiit  must  be 
observed  ;  the  first  one  for  the  purpose  named  just  now,  the 
last  one  for  the  purpose  of  taking  into  proper  account  the 
corrections  for  temperature,  by  reducing  both  observation.s 
to  uniform  temperature.  Besides  this,  the  observations 
made  at  the  upper  and  at  the  lower  stations  must  of  course 
be  corrected  to  graduation,  so  that  thus  their  difference  is 
made  equal  as  nearly  as  possible  to  the  difference  that  would 
have  been  obtained  by  using  a  mercurial  barometer. 

It  is  clear  at  once  that  the  observations  at  the  upper  and 
lower  stations  should  be  made  simiiltaneously  in  order  to 
obtain  both  as  nearly  as  possible  under  the  same  atmos- 
pheric conditions.  Observations  made  by  one  observer,  in 
passing  from  point  to  point  with  his  instrument,  are  quite 
unreliable,  unless  he  returns  to  the  previous  point  after  each 
observation  in  order  to  take  a  second  reading  there,  and 
thus  to  find  the  changes  that  have  taken  place  in  pressure 
and  temperature.  Only  by  means  of  this  tedious  and  time- 
robbing  procedure,  can  anything  like  fair  results  be  obtained 
by  one  observer. 

For  serious  work  then,  two  observers,  and  at  least  two 
instruments  are  required,  and  the  readings  of  the  latter,  as 
well  as  the  outer  and  inner  temperature,  should  be  recorded 
with  great  exactitude,  so  as  to  be  enabled  to  subsequently^ 
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introduce  the  proper  corrections,  without  which  the  results 
are  worthless.  Great  care  also  should  be  taken  not  to  expose 
the  aneroid  to  the  direct  rays  of  the  sun  when  taking  an 
observation,  but  to  let  it  assume  as  nearly  as  possible  the 
temperature  of  the  surrounding-  air  in  the  shadow. 

The  modus  operandi  in  determining  differences  of  altitude 
may  be  described  about  as  follows : 

A  stationary  instrument,  with  an  observer,  is  placed  at  some 
point  of  known  altitude  that  has  been  selected  as  the  basis 
of  operations.  This  instrument  is  observed  regularly  every 
fifteen  or  thirty  minutes,  and  a  careful  record  kept  of  such 
readings,  as  well  as  of  the  time  and  temperature  correspond- 
ing to  each. 

Meanwhile,  the  engineer  travels  through  the  district  he 
intends  to  survey,  taking  observations  wherever  he  sees  fit, 
and  keeping  a  careful  record  of  their  location,  time,  temper- 
ature, etc.  When  he  is  through  with  his  work,  an  observa- 
tion at  the  point  of  known  altitude  is  computed  for  each  of 
his  observations,  from  the  record  kept  by  the  assistant ;  this 
having  been  done,  the  difference  of  altitude  between  each 
point  of  observation  and  the  point  of  known  altitude  is 
obtained  in  a  simple  way,  by  means  of  the  subjoined  table 
No.  I ,  which  has  been  taken  from  Meteorological  and  Physical 
Tables  of  the  Smithsonian  Institution.  [Other  convenient  tables 
are  given  in  The  Aneroid  Barometer,  Van  Nostrand,  New 
York,  1888,  and  in  the  above  mentioned  publication  of  the 
Smithsonian  Institution.] 

F'or  instance,  suppose  29-5  to  have  been  the  reading  at 
the  point  of  known  altitude,  and  26"5  the  reading  taken  by 
the  engineer,  both  corrected  to  graduation,  etc.,  and  reduced 
to  32°  F.,  and  again,  suppose  70^  and  60°  to  have  been  the 
respective  temperatures  of  the  surrounding  air,  then  we 
obtain  from  the  table  : 

For  295  inches  and  70"  F 96'5 

For  26-5  inches  and  60°  F., ioS'3 

Mean loo°9 

This  mean,  multiplied  by  the  difference  of  the  two  read- 
Whole   No.  Vol.  CXXVIII.— (Third  Series,  Vol.  xcviii.)  22 
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ings  expressed  in  tenths  of  an   inch,  renders  the  difference 
in  altitude : 

30  X  100-9  =  3,027  ft. 

The  use  of  this  table  gives  results  of  sufficient  accuracy 
for  all  practical  purposes,  so  that  recourse  to  the  compli- 
cated barometrical  formula  is  not  required. 

Readings  should  always  be  taken  in  the  same  position  of 
instrument,  preferably  the  horizontal  one. 

Table  No.  i. 

height  in  fbbt  of  a   column  op  air  corkbsponding   to   one-tenth   op  an   inch   in  the 

bakomkt  ek. 


Barometer 

Reading  in 

li.chts. 

Tempbkatubb  of  Air  in 

DSGRBES  Fahrenheit. 

4o° 

50° 

6-° 

70° 

8cO 

90° 

230 

Il6'2 

JI8-8 

121-3 

123-8 

126-4 

129-9 

23  5 

113-7 

116-2 

.■87 

.2.-2 

123-7 

126  I 

240 

iii'3 

1138 

J16-2 

ii36 

121-1 

123-5 

=4-5 

1091 

iii-S 

113  8 

m6-2 

118-6 

1210 

25'o 

ic6  9 

109-3 

III  6 

113-9 

116-3 

1186 

25-5 

104-8 

107- 1 

'^93 

111-6 

1139 

1162 

26*0 

■  02  7 

105  0 

107  2 

lO)  5 

1H-7 

114-0 

265 

100-9 

■.=3-: 

105-3 

107-5 

109-7 

lit  8 

270 

9J-0 

101-2 

103-3 

105-5 

107-6 

log  8 

=7-5 

972 

993 

101-4 

103  5 

105-6 

1078 

280 

''t 

975 

99  6 

101  7 

103  8 

105-9 

28-5 

93-8 

95-8 

97  9 

99  9 

101-9 

loj  g 

?9'o 

921 

94-1 

96*2 

98-2 

100-2 

l(.2-2 

295 

go  6 

92-6 

94  5 

1.65 

98-5 

100-4 

30  0 

89-1 

91-0 

92-9 

94-9 

96-8 

gS  8 

305 

876 

89-5 

914 

93'3 

95'i 

972 

Tablb  No.  2. 
reduction  of  mercurial  column  to  32°  p.,  brass  scalb  to  barombters  corrbct  at  ^^^  f 


Reading  op  Barometer. 

Tempera- 

ture. 

30  inches. 

25  inches. 

20  inches 

K 

•009 

-ro8 

■006 

35° 

•017 

•015 

•012 

^°o 

•031 

-026 

-021 

50° 

-044 
-058 

-037 
-048 

-030 
-038 

55° 
60° 
65° 

•071 
•084 
^98 

•o.=g 

070 
082 

-o,7 

•056 
•06s 

70" 
75° 
80° 
85° 

•ill 

•125 
•138 
•151 

093 
•104 

-115 
-126 

•074 
•083 
•092 
•lox 

■  9°^' 
■     «° 

•164 

•.78 

■•37 
-1,8 

'HO 

■118 

100° 

-191 

■59 

-127 

The  corrections  contained  in  this  table  have  to  be  sub- 
tracted from  the  reading  of  the  mercurial  barometer,  in  order 
to  reduce  the  same  to  a  temperature  of  32°  F. 
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CAPTAIN  ABNEY  on  HELIOCHROMY. 


By  F.  E.  Ives. 


Captain  Abney,  in  a  recent  address  before  a  section  of 
the  British  Association-^,  made  some  brief  remarks  upon  the 
subject  of  heliochromy,  which  are,  in  my  opinion,  so  mis- 
leading as  to  call  for  correction.     I  quote  as  follows : 

"The  nearest  approach  to  success  in  producing  colored 
pictiires  by  light  alone  is  the  method  of  taking  three  nega- 
tives of  the  same  subject  through  different  colored  glasses, 
complementary  to  the  three  color-sensations,  which  together 
give  to  the  eye  the  sensation  of  white  light.  The  method  is 
open  to  objection  on  account  of  the  impure  color  of  the 
glasses  used.  If  a  device  could  be  adopted  whereby  only 
those  three  parts  of  the  spectrum  could  be  severally  used 
which  form  the  color-sensations,  the  method  would  be  more 
perfect  than  it  is  at'  present.  Even  then,  perfection  could 
not  be  attained,  owing  to  a  defect  which  is  inherent  in 
photography.  This  defect  is  the  imperfect  representation 
of  gradation  in  tone." 

According  to  those  recent  text-books  on  color  which  I 
have  seen,  only  such  light  rays  as  are  supposed  to  affect 
only  one  kind  of  nerve  fibrils  in  the  eye,  or  to  excite  only 
one  of  the  fundamental  color-sensations,  can  be  said  to 
form  or  represent  primary  color-sensations,  and  such  rays 
are  confined  to  both  ends  and  a  narrow  strip  in  the  middle  of 
the  visible  spectrum.f  If  Captain  Abney  means  to  assert 
that  in  a  process  of  this  character  only  those  rays  of  the 
spectrum  should  act,  wliich  represent  primary  color-sensa- 
tions, he  is  certainly  mistaken,  and  grievously  misleading  all 
those  who  accept  him  as  an  authority  upon  this  subject. 

*  Reprinted  in  the  Scientific  American  Supplement,  Oct.  5,  1889,  p.  i  \,\T2. 

t"  Helmholtz,  Maxwell  and  Rood,  as  well  as  many  other  physicists,  have 
developed  the  theory  of  Wunsch  and  Young,  and  have  adopted  the  same,  or 
very  nearly  the  same,  trial  of  primary  color-sensations.  These  fundamental 
hues  or  primaries  *  *  represent  three  widely  separated  and  very  bright 
colors  of  the  spectrum." — Co/or,  by  A.  H.  Church,  M.  A.  London,  18S7.  p. 
67.     See  also  Rood's  Modern  Chromatics,  pp.  120-23. 
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It  is  certain  that  every  ray  of  the  visible  spectrum  should 
act,  and  act  nearly  in  proportion  to  its  power  to  excite  the 
sensation  of  light  in  the  eye.  It  would  be  ridiculous  to 
expect  that  a  process  which  reproduced  the  spectrum^  as 
three  detached  and  widely  separated  patches  of  color  would 
correctly  reproduce  the  infinite  variety  of  compound  colors 
in  nature,  some  of  which  are  made  up  chiefly,  and  most  of 
them  partly,  of  rays  lying  in  other  parts  of  the  spectrum. 
There  are  some  moderately  bright  colors  which  would 
reproduce  like  black  by  such  a  process. 

But  it  is  not  easy  for  me  to  believe  that  Captain  Abney 
means  what  I  have  inferred  from  his  statement,  although 
the  expressions  "parts  of  the  spectrum"  and  "impure  color 
of  the  glasses  "  certainly  support  this  inference.  When  he 
says,  "  those  parts  of  the  spectrum  *  *  which  form  the 
color-sensations,"  it  is  possible  that  he  may  mean  the 
light  rays  in  proportion  as  they  affect  the  different  kinds 
of  nerve  fibrils  or  excite  the  different  primary  color- 
.sensations  in  the  eye.  If  so,  he  does  not  mean  to  divide  the 
spectrum  into  three  distinct  parts,  but  aimed  to  state  a  fact 
which  was  first  observed  by  me,  and  plainly  set  forth  in  my 
book,  A  Ni'iu  Principle  in  Heliochromy,  where  I  showed  that 
■each  lieliochromic  negative  must  be  made  by  the  joint 
iiction,  in  due  proportion,  of  all  rays  which  affect  the 
primary  color-sensation  which  it  represents.  It  does  not 
require  screens  of  "  pure  color  "  to  do  this — quite  the  con- 
trary. Screens  of  "  pure  color  "  are  screens  transparent  to 
single  regions  of  the  spectrum  only,  and  would  not  transmit 
all  the  rays  that  affect  a  single  kind  of  nerve  fibrils  in  the 
eye.  The  red,  orange,  yellow  and  yellow-green  rays  all  affect 
the  nerve  fibrils  which  produce  the  red  color-sensation,  and 
all  of  them  must  therefore  be  transmitted  more  or  less 
freely  by  the  color  screen  used  in  making  the  negative  repre- 
senting that  primary  color-sensation.  But  the  orange-yellow 
and  yellow  must  also  be  transmitted  to  some  extent  by  the 
screen  used  in  making  the  negative  representing  the  green 
color-sensation. 

The  screens  ipust,  in  short,  be  so  graduated  in  color  as  to 
secure,  in  negatives  of  the  spectrum,  curves  of  intensity  like 
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the  curves  of  a  diagram  representing  the  action  of  the  spec- 
trum upon  the  three  kinds  of  nerve  fibrils  in  the  eye,  or 
upon  the  three  fundamental  color-sensations ;  and  it  is  a 
fact  that  such  screens  had  been  produced  and  that  correct 
heliochromic  negatives  had  been  made  in  considerable 
number,  and  with  ease  and  certainty,  before  the  beginning' 
of  this  year. 

The  observation  that  the  inability  of  photography  to 
exactl}'  represent  gradations  in  tone  would  affect  the  accu- 
racy of  such  a  method  of  reproducing  colors,  of  which  Capt. 
Abney  now  makes  so  much,  originated  with  myself;  but  I 
also  showed  that  by  my  method  of  proving  the  color  screens 
by  reference  to  the  curves  of  intensity  in  the  spectrum 
negatives,  the  effect  of  this  defect  in  the  negative  process 
could  be  so  far  compensated  for  that  it  would  no  longer 
seriously  affect  the  result,  if  suitable  sensitive  plates  were 
employed.  To  say  that  this  method  does  not  solve  the 
problem  because  of  this  defect,  would  be  equivalent  to 
saying  that  photography  has  not  solved  the  problem  of 
reproducing  light  and  shade. 


A    NEW   GRAPHICAL    METHOD   ok    OBTAINING 
PIER  MOMENTS. 


By  C.  H.  Li.ndenberger. 


A  method  of  calculating  strains  graphically  approaches 
perfection  in  just  so  far  as  it  substitutes  the  mechanical 
labor  of  the  draughtsman  for  the  intellectual  labor  of  the 
analyst.  In  the  case  of  the  continuous  girder,  there  is  no 
method  that  I  have  heard  of  (except  the  method  about  to  be 
developed)  of  obtaining  the  pier  moments  without  a  great 
amount  of  analytical  labor  with  its  constant  danger  of  gross 
errors  and  mistakes  that  seriously  detract  from  its  merits 
as  a  practical  method  of  obtaining  strains.  This  is  unfortu- 
nate, for  it  is  often  necessary  to  know  the  value  of  the  strain 
on  a  structure  whose  cost  is  measured  by  hundreds  instead  of 
millions  of  dollars,  but  all  previous  methods  require  an 
amount  of  labor  that  is  practically  prohibitory. 
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With  these  preliminary  remarks  I  shall  proceed  to 
develop  a  purely  graphic  method  of  obtaining  the  pier 
moments  of  a  continuous  girder,  that  is  free  from  almost  .all 
the  objections  to  previous  methods,  being  short  and  simple 
in  its  practical  application. 

Let  us  first  begin  by  a  few  definitions. 

Let  the  girder  have  s  spans,  and,  therefore,  .r  +  i  supports. 

Let  /„  be  the  length  of  the  n'"  span  from  the  left. 

Let  M^  be  the  moment  at  the  n""  support. 

Let  EI'  be  the  product  of  the  constant  modulus  of  elas- 
ticity by  the  constant  moment  of  inertia. 

Let  P^  be  a  weight  in  the  n'"  span. 

Let  a  be  its  distance  from  the  nearest  left  support. 

Let  C"n  and  d^  be  indeterminate  multipliers  by  the  use  of 
which  the  pier  moments  are  obtained. 

Let  Zj  be  a  constant  in  terms  of  these  multipliers. 

Let  )  n  be  a  term  dependent  on  the  loading  and  heights  of 
the  supports. 

•     Then   in  a  previous  article   in    December,   1888,  of   this 
jouRNAi,,  I  demonstrated  the  following  theorem: 

S  d,AC,Y,^C^\\^etc.  +  CJ'^)^  \ 

'(  -\-C„(d„  +  ,Y„  +  ^+d„  +  ,Y„  + .,  +  cic.+d,Y,)  i 
A/„    = y (1) 

The  equations  from  which  the  value  of  the  indeterminate 
multipliers  are  found  have  the  general  form 

C„_  1  /„_  ,   +  2  C„  (/„_  ,  +  4)  +  C„^  J  /„  =  0  (2) 

d^_  ,  /„..  1   +  2  <  (/„_  ,   +  /„)  +  ^„+  1  /„  =  0  (3) 

The  assumption  being  made  that  (T,  =0,  Cj  =  l,</s+  1  =0, 

The  theorem  of  three  moments  is : 

^n-  1    4-  1    +    2  J/„  (/„_  1    +    Q    +    J/„+  1    /n  =  ]-;  (4) 

The  value  of  Z^  is  to  be  found  from  either  of  the  three 
following  equations : 

C,_i  4_i  +  2C,  (4-,  +  4)-^»  (5) 

2  ^,  {/,  +  4)  +  ^3/,                     =Z,  (6) 

All    these    formulas   were    demonstrated    the    previous 
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article,  December,  1888.     Equations  (i)  and  (7)  are  the  basis 
upon  which  the  graphical  method  is  developed. 

There   are   in  each   of   the   spans   two  fixed  points,  the 
definitions  of  which  are  given  by 


C 


C, 


n+  1 


/„   = 


d„  L 


d. 


(8) 


(9) 


n+  1 


These  formulas  are  given  bv  Professor  Merriman  in  his 
"Theory  and  Calculation  of  Continuous  Girders,"  Van 
Nostrand'  Science  Series,  No.  25,  the  discrepancy  in  equa- 
tion (g)  being  accounted  for  by  the  fact  that  I  have  num- 
bered these  d  multipliers  the  other  way. 

Professor  Dubois  in  his  Graphical  Statics  gives  the  graphic 
method  of  finding  these  fixed  points,  but  as  the  method  is  so 
practically  important  I  repeat  it  and  give  the  demonstration 
so  that  it  may  be  thoroughly  understood. 


In  Fig.  I,  let  s  be  the  n"^  support  and  let  I F  he  parallel 
to  AC,  O  G  being  the  line  of  supports  when  on  a  level. 
Then  from  the  two  similar  triangles  /  F  D  and  C  B  D  we 
obtain 


I F  = 


C  B  X  I D 
Cl) 
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also  from  the  similar  triangles  I F  S  and  A  B  S  obtain 

r^     AB    si 

I  F  =  — — 

S  A 

the  relations  also  exist 

~^I  _  SH 


S  A         OS 


I  D   _  H  G 


CD         QG 

Tb    _  WQ 

A~B        0~E 

and  placing  the  two  values  of  IF  equal  we  obtain 


£  Q  X  HG  _  S  H 
O'Ey^  QG        WS 

Let  rs=  ^-^  TG  =~E~Q  =  ^,    SH^i^O  S=  /.„_  , 

whence 

OE=L^-x  —  ~\   HG  -  ^  -  ^-    QG=SE^^^' 

Substitute   these  values,  transpose  and  we  get  after  reduc- 
tion 

in   =    j^^  tZ  L^-^      IL-V   L~\  /n  -  ,  \ 

and  from  equation  (2)  we  obtain 

/„-.    _  _    C  .  +  2  C„ 

'n    ~r    'n  -  1  ^_   ^n  —  1  ^n  +  i 
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giving  by  substitution 

i^  _  ^    ^..  -  ,  /„  (t'n  -  ,  +  2Q 


To  give  a  definite  value  to  /„  we  must  assume  a  value  for 

/  C 


L„  _  „  therefore  assume 


r               —           'n  -    1        ^n 
^n  -  1 = — 


C  —C 

and  this  gives  after  substituting  and  reducing 


^n  ~~   ^n    +    1 

as  it  should,  and  therefore 

In  like  manner  the  construction  and  demonstration 
may  be  made  for  the  fixed  points  /,  /j,  etc.,  in  the  same 
manner,  except  that  we  commence  at  the  right  instead  of 
the  left.  The  construction  is  simple  and  is  evident  from 
the  demonstration,  which  was  given  more  to  illustrate  that 
than  anything  else. 

The  next  thing  is  a  formula  for  the  moments  at  the 
supports  in  terms  of  these  fixed  points.  Referring  to  equa- 
tion (i),  we  will  have  }'„  =  ^„  +  ^n  -  1,  ^n  +  1  =  ^n  +  1  +  -^n; 
it  being  first  supposed  that  the  supports  are  all  on  a  level 
and 

A„  =  I  P„  4^  {2k-3k'  -i  P) 

5„  =   V  F„  I,'  (/^  -  k%  and   ^  =  f . 

Here  it  would  be  proper  to  give  a  diagram  for  the  deter- 
mination of 

f,  and      ", 

which  is  accordingly  done  in  Fig.  2,  where  O  L  is  taken  to 
represent    the    span,  and   O  P  =:  P  io    a   sufficiently   large 


I 
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scale,  and  the  lines  G  L,  H  K,  V  J  and  P I   are  parallel  to 
O  L  and  perpendicular  to  O  P. 

Let  WA  =  'PB  =  a  =  i'  /,    then    a1  ^  (1  —  k)  /,  and 
TF  ^  P(\—k)  =  LK  =  OW.      (TV^  P{\  —kf        ' 
and  M  F  ^^  P  {\  —  ^)*;  and  therefore 


G  H 


k)^ 


A  M  =  A  F  —  M F  =  P{\  —k  —  (\ 
=  P(-lk  —  'ik''A^  k") 

FB  =  Pk  ^  HP  =  ITl  and  ITf  =  P  k*  =  YJ  and 


■F E  =  P k^,  and  therefore 

EB'=P{k—P). 

Referring  again  to  equation  (i)  and  inserting  the  value 
of  Zs  given  by  equation  (7),  let  us  suppose  that  only  the  n'" 
span  is  loaded. 


Fic.  2. 
Then  we  have 

j^   _  d„  C\  A„  +  C\  d„  +  1  B 


(Q  '^n  +  1  —  Q  +  1  ^'n)  L 

Substituting   the  values  of  4  and  /^  from  equations  (8) 


and  (9),  we  obtain 


M„ 


iAln-I.)^ 


(10) 


L  —  4 
Referring  again  eq.  i ,  we  write 

( '4+  .  {C,  Y,  +  Q  F3  +  etc.  +  Q  K„  +  <:„+,  F„+  0  j 
]  +  C„  +  1  (a^n  +  2  y^  +  2,  et':-,  etc.,  +  '^e  y»)  > 


^/„+ 
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Supposing,  as  before,  that  only  the  n'"  span  is  loaded,  we 
have 

j^  __  ^4  +  1  ^n  -^n    +  ^1  +  1  "n  +  1  -Op 

(^n  "n  +  1  '-n  +  1  "n)  *n 

and  substituting  the  value  of  4  and  /„  as  before,  we  get 

(4  -  /n)  {L  -  i.)  ^  -  i.  (4  -  A)  ^ 
M^^,  = -J^. ^       (11) 


Fig.  3. 

Subtracting  this  equation  from  equation  (10}  and  divid- 
ing the  result  by  /„,  gives 


M„ 


M^  +  , 


i  d".  —  (/  —  /)^ 

*n  *  n 


/„  —  i. 


(12) 


Since 


7^  ^nd  -^ 


we  have  seen  may  each  be  represented  by  a  line,  let 
dj^  =  A„'  and   -°  =  5„' 

7    2  /    » 

'n  'n 

— D_  and  — !l^' 

will  also  be  represented  by  A  line  if  //  is  a  line  represent- 
ing a  force,  and  will  usually  be  taken  equal  to  the  pole  dis- 
tance of  the  force  polygon. 

When  there   are  several  weights  on  the  span,  it  will  be 
found  in  practice  that  P  must  be  taken  in  Fig.  .?  to   a  con- 
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siderably  larger  scale  than  is  convenient  for  the  force 
polygon  or  shear  line,  because  in  this  way  cumulative  errors 
are  avoided  to  some  extent. 

In  Fig.  J  let  Cc  be  the  length  of  the  n""  span  and  let  ca 
=  I'n,  cA  =z  I„,hC  ^=  cH  =  H',  where  H'  is  the  length  of  a  line 
representing  H  to  the  same  scale  that  P  is  taken  in  Fig.  2. 
Lay  off  in  the  figure  HH'  ^=  A,/  hli'  -—  /?„'  taken  from  Fig.  2, 
then 

'AB=^   (4    -   /n) 


CD 


_A  B  (7„  —  ;„)  _  B^'  (/„  —  4)  (^n  —  ^j . 


/„-'u  ff' 


In  —  4 


_(4  -  4)  (4  -  /n)     P{k-i') 

H 


In  —   'n 


=  A  B 


b:  /„  (/„  —  A,^ 


/n  —  k 


H'  /„  —  ^„ 

_   ,„  (/„  -  /„)    P{k-  k^) 


In  —  in 


H 


ao  =  —ffi  'i"  '"«  —  'J^t' 


*T  n  ^  n  'n 


In  -  ^n  // 


£■<:  = 


■  al>  Un  —  -^n)  --in  'nijn--ln^ 


In  —  in 


H'        In  -  i. 


in   (/n-/n)    P  {Ik  -  U^   ^  t^) 


In  —  in 


H 


and  from  the  foregoing 

H 


1  J 

r  =  ca  —  e  c 


*-^^  =  CD  — EC 


Let  a^  =  AG  =^  H  to  the  scale  of  the  pole  distance  in  the 
force  polygon. 
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Then 

_        TC  X  H       P  (k  —  k')  {l^  —  /„) 
/£-=  — 7 =  7^ZT 

'n  ■'n  *n 

also 

e  c    X  //  t,, 

FG  =  f, Y\  =  ^' '2^  -  -^^^  +  ^''  r^rr 

'  '  n  -'  n  '  ri  *n 

and  therefore 

7 PG       fS 

to  the  same  scale  as  H. 

This  is  an  important  quantity,  as  it  is  needed  in  the  shear 
line,  since  the  equations  for  the  shear  are 

S„'  =.-  ■^^'^  ~-  ''^"  +  '  —  2'  /'  X-  =  5„  ~  2'  /' 

Where  S„  is  the  shear  just  to  the  right  of  the  n"'  sup- 
port. 

Having  now  found  the  moments  at  the  n"'  and  (n  -r  i )"' 
support  due  to  a  load  in  the  n"'  span  the  moments  due  to 
this  load  at  any  other  support  are  easily  found  and  the 
method  is  given  by  other  writers  but  is  nevertheless  repeated 
here. 

Let  iJ/q  be  the  moment  desired,  there  being  no  load  except 
on  the  n""  span  and  the  supports  on  a  level 

Then  from  Eq.  (/ )  where  «  >  ^  we  have 

M,  =  ^  M^ 
•or  what  is  the  same  thing 

M^  =  (  -ia_  X  ^^  X  etc.  X  ^'  X  £^  )  ^/„ 
and  from  equation  (8)  this  becomes 


=  (^J^ X   , ^i+J >    etc. 

'•^q  'q  'q+l  '<\  +1 

X  . ^^i — )m^ 
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In  like  manner  from  equation  (i)  where  («  +  i)  <  ^  we 
obtain 

"d  +  1 


or  the  identical  equation 


«'q  -  1  «Cl 


->  X  etc.  X  ^'  X  ^■^-  )  Mn. 

-2  "  n  +  -2  "  n  +  1    ' 


and  from  equation  (9) 
(V 


yj/,  =   f^LlLi^ !itz^'   X   ^^ 


'q-  1 


A-^ 


^-  X  etc:  X  ^"  +  2_^^+^^ 


/„  +  2 


X 


X 


•'11  +  1         '11  + 1 


11  + 1         ' 


+  1 


^.. 


.  i,  — *.-'»-i.- 


:k---^----»k---^8--»<---'9---5> 


Fig.  4. 


The  graphical  method  of  interpreting  these  equations  is 
shown  in  /"?>  7,  in  which  there  are  nine  spans,  but  the  fifth 
span   only   is   loaded.     At    the    fifth   support  the   ordinate 


H 


and  a   line  through  its  extremity   and  through  the 


fixed  point  nearest  the  fourth  support  cuts  off  from  the  ver- 
tical through  the  fourth  support  aline  =  — ^,  the  operation  is 

repeated  for  the  next  and  so  on,  and  a  similar  operation 
takes  place  on  the  right.  If  the  supports  are  counted  each 
way  from  the  loaded  span,  the  moments  at  the  odd  sup- 
ports will  be  negative,  and  those  at  the  even  supports  will 
be  positive,  a  positive  moment  being  one  that  causes  ten- 
sion on  the  upper  chord  or  flange. 
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It  will  be  observed  that  Eq.  (8)  gives  /,  =  o,  hence  L^  =/i. 
Also  from  Eq.  (9)  /^  =  4. 

The  construction  for  /„  /,,  etc.,  etc.,  is  easily  found  by- 
remembering  that  these  fixed  points  would  not  change 
their  actual  position  if  the  order  of  the  spans  was  reversed. 
Hence,  the  graphical  construction  is  the  same  as  for  i^,  i^, 
etc.,  etc.,  except  that  we  begin  at  the  right  and  work  towards 
the  left,  instead  of  the  opposite,  as  shown  in  Fig.  i.  The 
obliquity  of  the  line  A  C  and  the  length  of  the  line  A  O  '\?> 
arbitrary. 

The  next  problem  to  attack  is  the  moment  due  to  the 
sinking  of  any  one  of  the  supports  which  can  also  be  shown 
to  be  more  easily  solved  graphically  than  analytically.  In 
this  case  it  is  to  be  remembered  that  the  girder  is  to  be 
wholly  unloaded,  and  these  inoments  are  just  sufficient  to 
compel  contact  with  the  supports. 

For  this  case  the  well-known  formula  is — 

Y^  =  —  6  EI'  \  ^~/'"  +  '  -f  ^'"7^'"-' 

\  '11  'n  - 1 

Let  all  the  supports  be  on  a  level,  except  the  n"'  support 
and  this  support  be  depressed  be/oiv  the  level  of  the  rest  by 
the  distance  h. 

Now,  recollecting  that  this  makes — 

Y,_,  =  6  EI'  -A. 

'  n  -  1 
'a   'n  -  1 

V,^,  =  6EI'^J- 

tn 

and  that  all  the  other    F'  =  o,  we  can  easily    derive    the 
following  formulas,  />/,  being  the  moment  sought : 

for  q  <i  n 
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for  q  =^  n 
nr   —  M    —^  ^  ^'  ''    ^  ^^n  ( ^n  -  I  —  C^        C\[d„  +  ^  —  d„  \     .  , 

M^  -  3/„  - T- 1^     <i-tj 

for  q  ~>  n 

•'^s  '  'n  -  1  '  n  ^ 

In  Eq.  (13)  make  q  =  ii  —  1 :  and  in  Eq.  (15)  make  it  —  u 
+  1 ;  and  take  Z^  =  [C„  c/,,^.,  —  C„  +  i  d„)  /„ ;  and  substitute 
from  Eqs.  (S)  and  (!»)  and  we  obtain  the  following  equations  : 

M        =  ^  -J'  ''  ^  '"  -  '  '"  ^^"  '^^  ^"-  I  ~  ^"-  ■)  ^    (IC) 

If  ^  —  Q  ^'  ^'  ^'  i  '■■  l^  +  L-i  —  4-i)  ^  n7) 

J,  _     G  E  /'  h     C  (^„    +    /n-l  —  'n-l)(^n—  A.)  ?     nS, 

" ' '       TT'  I   (/:_,-/„_,)(/„ -4)   ^  ^ 

By  making  Z,  =  (t„  _  i  ^n  —  <^"n  «'„  - 1 )  /„  -  i ;  which  is  merely 
reducing  the  subscripts  in  Eq.  (7)  by  unity  we  get  by  sub- 
stituting the  values  of  the  fixed  points  : 

njT        _'6  E  r  h    ^  /„  +  /'n  - 1  —  ^  - 1)  4  ^  1  >  ,  1  g 

The  only  practical  value  of  these  formulas  is  to  obtain  a 
diagram  for  the  graphical  calculation  of  moments  at  the 
supports  which  I  will  now  proceed  to  explain. 

In  Fig.  s,  let  A  be  the  (n  —  i)"'  support,  D  the  n"'  support 
and  G  the  (n  +  i)"'  support.  B  and  Care  the  fixed  points  in 
the  span  /„  - 1  ^nd  £  and  F  those  in  the  span  /„. 

Let  H  be  any  arbitrarily  assumed  force,  then  lay  off  in  a 
vertical  through  /)  a  line  = 

6£  /'  /i 


=  D  p  =  p 


say,  and  through  its  extremity  draw  5 /and  drop  vertical 
£  C,  e  E  and  F f,  then 

F  f  ^  p  ^   °  ~t~  'n  -  1         ^n  - 1) 

\  'n  -  1  'n  - 
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produce  the  vertical  Dp  below   the  line  of  supports,  and 
draw  /  d  through  £",  cutting  this  vertical  at  d,  then 


We  also  have 


'n  -  1  'n  -  1 


Draw  c  g  through  F,  cutting  the  vertical  through  G  at  g, 
then 


G 


Ee{l^—  /„)   _  p  (/„  +  4,1  —  4_i)  (4  —  /n)  _  i^/n  +  i 


/n  —  4 


(4-1  —  4-0  (4—  4) 


Fig.  S- 


Through/  draw  C k,  cutting  the  vertical  F f  produced  at 
h,  then 

-f^—;  ( J  n   +   4-1  —  Ai  - 1) 

F  h^p 7 ^7 

'n-l  ■'n-1 


Through  E  draw  h  q,  cutting  D  d  produced  at  (/,  then 
4 


I)  q  =  F  I  I 


4  —  4" 


(^  +  4-1  —  /p-i)  4 
^  (4-1  —  4-i)  (^  —  4) 
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Through  B  draw  a  q,  cutting  the  vertical  through  A  at  a, 
then 

111  =  D  q 
=  P 


(^n    ~H   ^n  -  1    Ai  - 1)  ^n  ^n  -  1 . 

(^  -  1  —  J^  n  -  l)  (-^  n  —  ?■„)   (''„   -  ,   —   4  -  l) 


It  will  often  happen  that  when  C  D  is  small  that  the  line 
F  h  is  so  long  that  this  construction  is  impracticable  and 
inaccurate.  Hence,  a  different  method  must  be  devised. 
We  have 

(^c=p  Yi =77 — \ 

V'n  -  1  'n  -l' 

Produce  C  c  to  intersection  with  the  a  q  at  c' ,  then 
Cc'=.  D  q    -, 

'n-l  ' n-1 

(''n-l  —  -^Q-l)  (/n  —  ^n)(''n-,—  «n-l) 

The  point  c'  is  not  known,  however,  if  the  construction 
of  /t  is  impracticable,  hence,  through  /?draw  c  ^',  cutting  B  c 
produced  at  c' ,  then 

^g-p- C  c' i^         ^  /  (4-1  —  4^i)  4 

Ai  -  1  ^n  -  1  '/n  —  1  ^n  —  l)  ('d  —  1  -'n  —  l) 

Through  c'  draw  the  line  F  e'  and  produce  it  indefinitely 
to  the  left,  cutting  the  vertical  D  d  sX  AT  and  the  vertical  c  C 
produced  at  some  point,  say  c"  if  it  be  not  the  same  as  c' , 
then  we  will  have 

■£   ^     ^   __    y,  (/n  -  1  —  in  -  l)  k  In 


I 


D  K  = 


—  /„  (4-1  —  'n-0  (''n-l   —  4-l)  (4  —  4) 

'   =   C  C"   =  £  e'  {In   +   ^n-1—  ^n-  l)  ^ 

./>  (|n-i  —  ?n-l)  4  (4    +   4-1  —  A-l) 
(4  ^1  —  in  _  i)  (4  -  1  —   /n  -  l)  (4,  —  in) 
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Hence,  it  is  evident  that  c"  and  c'  are  the  same  point.     Now 

z^  =  (C„  ^„  +  ,  —  c„  _  !«'„)  4  =  (6"u_,  d^  —  cr„  o'n-i)  /„_, 

and  by  inserting  the  values  of  the  fixed  points  and  reducing, 
we  finally  attain 

'n         ■'n^nl-'n-l  '  n  —  l) 


whence 


(20j 


nK  =  ^='-fA^  (21) 

The  application  of  Eq.  (19)  is  now  apparent,  and  need 
not  be  further  explained.     The  quantity  — r-^ —  need  only 

'  n 

be  calculated  for  a  single  span,  as  is  evident   from  Eq.  (21). 

It  might  here  be  remarked  that  the  maximtim  and  mini- 
mum strains  on  a  continuous  girder  are  much  more  easily 
discussed  when  the  equations  are  put  in  terms  of  the  fixed 
points,  and  the  theoretical  results  are  more  easily  under- 
stood, but  this  of  itself  wovild  require  a  treatise  on  the  sub- 
ject, which  is  of  itself  a  large  one. 

This  completes  all  that  is  necessary,  without  going  over 
ground  that  others  have  trod,  and,  as  I  have  shown,  all  the 
strains  can  be  obtained  i<'ithoiit  any  analysis  zchatever  further 
than  is  necessary  at  first  to  thoroughly  comprehend  the  sys- 
tem. In  fact,  one  does  not  even  need  to  knozv  the  vahie  of  the 
itidcterminate  multipliers.  The  results  obtained  are  theoretically 
accurate,  and  their  precision  is  limited  only  by  the  scales  used 
and  the  skill  and  care  of  the  draughtsman,  and  as  for  rapidity, 
certainly  I  think  no  fault  will  be  found  on  that  score,  and 
any  one  that  understands  graphical  statics  sufficiently  to 
construct  an  eqiiilibrium  polygon  can  obtain  all  the  import- 
ant strains  in  a  ven,'  short  time. 

It  will  be  observed  that  all'  the  formulas  and  diagrams 
are  for  unequal  spans.  This  is  the  most  general  case,  and 
includes  the  cases  for  spans  equal,  ends  fixed,  etc.,  as 
special  cases. 
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CONSTANT  FOCUS  and   DEPTH   of   FOCUS   in 
PHOTOGRAPHIC  LENSES. 


By  William  A.  Cheyney. 


Since  the  introduction  of  detective  cameras  we  have 
heard  and  read  much  about  lenses  having  a  fixed  or  con- 
stant focus  for  all  obi'ects  at  all  distances  from  the  lens, 
froin  four  feet  upward,  and  this  has  led  to  claims  being 
made,  for  the  lenses  of  different  manufacturers,  which  have 
been  surprising  and  at  variance  with  all  known  laws  of 
optics. 

This  condition  of  affairs  induced  me  to  make  a  series  of 
experiments,  with  a  number  of  lenses  made  by  different 
manufacturers,  in  order  to  convince  myself  as  to  what  extent 
these  statements  could  be  relied  upon.  The  result  of  which 
I  give  you,  as  follows  : 

There  is  no  such  thing  as  a  constant  focus  for  any  lens ; 
the  plane  of  absolute  sharpness  varies  for  every  point,  at 
which  the  object  may  be,  between  an  infinitely  distant  point 
and  the  lens. 

That  there  is  a  plane  of  absolute  sharpness,  in  all  well- 
corrected  lenses,  there  can  be  no  question,  and  the  determi- 
nation of  this  plane  only  depends  upon  the  e.xtent  to  which 
the  image  on  the  ground  glass  is  magnified. 

There  is,  however,  a  distance  through  which  the  ground 
glass  may  be  moved,  and  yet  the  error  in  the  sharpness  of 
the  image  cannot  be  detected  by  the  human  eye,  this  dis- 
tance varies  inversely  as  the  ratio  of  the  diameter  of  the 
apertiire  of  the  lens  (the  diameter  of  the  opening  in  the  dia- 
phragm used)  to  the  equivalent  focus  of  the  lens  (the  dis- 
tance from  the  optical  centre  of  the  lens  to  the  ground  glass, 
when  an  object  infinitely  distant  would  give  an  absolutely 
sharp  image). 

This  grows  out  of  the  fact  that  the  human  eye  cannot 
detect  an  error  in  sharpness,  when  the  error  is  not  greater 
than  -j-A^  of  an  inch. 
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To  illustrate  this,  I  present  Fig.  i. 

Here  we  have  the  cone  of  light  from  a  lens  working  with 
an  aperture  of  /8  represented  by  the  lines  b  d  and  b  e  and 
the  position  of  the  plane  of  absolute  sharpness  by  the  line 
a  b  c  (being  the  position  of  the  ground  glass).  Now  when 
the  ground  glass  is  pushed  up  to  the  position  indicated  by 
the  \\Vi%  f  g  li  iwe  have  what  would  be  a  mathematical  point 
at  b,  increased  to  a  blurred  spot  having  a  diameter  repre- 
sented by  the  line  g  /i,  and  whenever  the  length  of  this  line 


g  h  is  yj-g-  of  an  inch  or  less,  it  will  be  impossible  for  the 
unaided  human  eye  to  detect  the  error. 

But  I  stated  before  that  this  movenient  of  the  ground 
glass  varies  inversely  as  the  ratio  of  the  diameter  of  the 
aperture  of  the  lens  to  the  equivalent  focus  thereof,  and  in 
order  to  show  this,  I  will  call  your  attention  to  Fig.  2,  given 
below. 

In  this  figure  we  have  the  cone  of  light  from  a  lens 
working  with  an  aperture  of //16  and  the  conditions  are  the 
same  as  in  the  former  example,  excepting  that,  while  the 


line  g'  h'  is  equal  to  the  line  g  h  it  will  be  twice  as  far  from 
the  point  b'  as  g  h  was  from  the  point  b. 

Now  these  conditions  are  true  for  a  point  back  of  the 
ground  glass. 

Here  let  me  say,  that  this  distance  from  the  point  in 
front  of  the  ground  glass  to  the  one  behind  it,  between 
which  the  error  in  sharpness  is  inappreciable,  gives 
rise  to  what  is  known  as  depth  of  focus  in  a  lens,  which  is 
here  shown  to  vary  according  to  the  ratio  between  the 
diameter  of  the  aperture  and  the  equivalent  focus  of  the 
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lens  and  which  depends  for  its  existence  upon  the  inability 
of  the  human  eye  to  detect  the  error. 

This  accounts  for  the  fact  that  our  beautiful  little  nega- 
tive, in  which  we  have  taken  advantage  of  all  the  depth  of 
focus  of  our  lens,  when  it  comes  to  be  enlarged  gives  an 
unsatisfactory  picture.  Why?  Because  we  have  enlarged 
the  error  of  focus  until  the  eye  is  able  to  detect  it. 

Still  there  are  some  of  us  who  do  not  desire  to  make 
enlargements  from  our  negatives  and  for  the  benefit  of 
those  I  will  go  further  with  the  results  of  my  experiments. 

I  ■  found  the  following  rule  to  be  true  by  actual 
experiment  with  lenses  of  nine  of  the  most  reliable  manu- 
facturers, as  well  as  by  computation  : 

ATiiltiply  the  diameter  of  the  aperture  of  a  lens  by  the  equiva- 
lent focus  thereof;  divide  the  product  by  the  greatest  imperceptible 
error,  and  to  the  quotient  add  the  equivalent  focus.  The  siim  will 
be  the  distance  of  an  object  upon  zvhich  a  lens  should  be  accurately 
focused  in  order  that  all  objects  beyond  a  point  one-half  of  the 
above  distance  shall  be  apparently  in  focus. 

Thus  let  /  equal  the  equivalent  focus,  a  equal  the 
diameter  of  aperture  and  c  equal  the  greatest  allowable 
error;  then  d  will  equal  the  distance  of  an  object  upon 
which,  if  the  lens  be  accurately  focused,  all  objects  beyond 
dh  will  apparently  be  in  focus: 

^^JU  +  f^d 


Or,  say  we  are  using  a  lens  with  an  equivalent  focus  of 
eight  inches  and  the  //  8  diaphragm,  then  we  have 

1  X 


1 


+  8  =  2,008  inches  =  167  feet  4  inches. 


Now,  if  we  focus  upon  an  object  167  feet  4  inches  from 
the  lens,  all  objects  beyond  83  feet  8  inches  will  be  in 
apparent  focus. 

Or  again,  if  we  use  a  lens,  the  equivalent  focus  of  which 
is  four  inches  and  use  the// 16  diaphragm,  we  have 


i  X  4 
1 

TITS 


44=:  254  inches  =  21  feet  2  inches. 
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And  here,  if  we  focus  on  an  object  21  feet  2  inches  from 
the  lens,  then  all  objects  beyond  10  feet  7  inches  will 
apparently  be  in  focus. 

As  the  result  of  the  foregoing,  I  give  the  following  table : 


Equivalent  Focus 

Distatue  0/ 

Alt  Objects  in  Focus 

in  Inches. 

Diaphrag7n. 

Object  Focused   Upon. 

Beyond. 

8 

f/8 

167  ft.  4  in. 

83  ft.  8  in. 

8 

f/ir3i 

125  ft.  8  in. 

62  ft.  10  in. 

8 

f/i6 

84  ft. 

42  ft. 

7 

f/8 

126  ft.  \%  in. 

63  ft.  oyi  in. 

7 

f/.i-3> 

94  ft.  8  U   in- 

47  ft-  4M  in. 

7 

f/i6 

63  ft.  A,\i  in. 

31  ft.  81V  in. 

6 

f/s 

94  ft.  3  in. 

47  ft.  \yi,  in. 

6 

f/ii-Si 

70  ft.  <j}i  in. 

35  ft.  \ys.  in. 

6 

f/i6 

47  ft.  4-^  in. 

23  ft.  %%  in. 

5 

f/8 

65  ft.  6X  in. 

32  ft  .9>^  in. 

5 

f/ii-3i 

49  ft-  3tV  in- 

24  ft.  iW  in. 

5 

f/16 

32  ft.  11^  in. 

16  ft.  sH  in. 

4 

f/8 

42  ft. 

21  ft. 

4 

f/ii-Si 

31  ft.  3  in. 

15  ft.  7>^  in. 

4 

f/i6 

21  ft.  2  in. 

10  ft.  7  in. 

3 

f/8 

23  ft.  %%  in. 

1 1  ft.  loyi  in. 

3 

f/ii-Si 

17  ft.  10 iV  in. 

8  ft.  ii^V  in. 

3 

f/i6 

II  ft.  11^  in. 

5  ft.  11^  in. 

2 

f/8 

10  ft.  7  in. 

5  ft.  3/2  in. 

t 

f/ii-3' 

7  ft.  11^  in. 

3  ft.  11^  in. 

2 

f/16 

5  ft.  4-^  in. 

2  ft.  %%  in. 

By  an  examination  of  the  foregoing  table,  two  facts  are 
seen:  (i)  That, while  the  focus  shortens  in  an  arithmetical 
progression,  the  distance  of  the  object  in  focus  decreases 
geometrically,  thus  showing  the  reason  that  short  focus  lenses 
have  a  greater  depth  of  focus  than  those  of  long  focus  ;  and 
(2)  That  the  distance  to  the  object  in  focus  decreases  directly 
as  the  diameter  of  the  diaphragm  is  smaller,  thus  demon- 
strating the  cause  of  the  increase  of  depth  of  focus  by  the 
use  of  smaller  diaphragms. 

And,  finally,  you  should  know  that  the  lenses  used  in 
these  experiments  were  of  the  kinds  known  as  rectilinear 
or  moderate  angle,  wide  angle  and  landscape,  or  single 
combination  lenses. 

Cheyney,  Pa.,  October  lo,  i88g. 
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The   HAIL-STORM  at  PHILADELPHIA,  OCTO- 
BER I,  1889. 


Bv  Prof.  Edwin  J.  Houston. 


During  the  hail-storm,  which  occurred  in  Philadelphia 
on  the  I  St  of  October,  1889,  some  phenomena  were  pre- 
sented of  sufficient  interest  to  place  on  record.  The  storm 
occurred  towards  the  close  of  the  day,  shortly  before  sun- 
set, and  was  heralded  by  the  usual  banks  of  dark  clouds 
and  strong  wind  currents  in  the  upper  atmospheric  regions. 
It  began  with  a  fall  of  rain,  with  strong  wind,  and  was 
followed  by  a  copious  fall  of  hail-stones,  van,-ing  from  small 
granules,  to  spheroids  of  an  inch  to  an  inch  and  a  quarter 
in  diameter. 

An  examination  made  by  the  author  of  some  hail-stones 
that  fell  on  a  grass-plot  in  the  northern  section  of  the  city, 
showed  the  following  characteristics,  viz : 

(i)  A  cross-section  of  some  twenty  or  thirty  stones 
showed  the  usual  alternate  concentric  layers  of  opaque  and 
transparent  ice. 

(2)  The  nucleus  of  all  the  hail-stones  examined  was  of 
opaque  ice. 

(3)  Many  of  the  larger  stones  had  a  nearly  spherical 
shape,  and  were  only  slightly  oblately-spheroidal. 

(4)  In  some  of  the  stones,  however,  mainly  in  the  smaller 
ones,  the  oblately-spheroidal  form  was  so  distinctly  marked, 
that  the  form  of  discs  or  fiat  cylinders  was  closely  simulated. 

(5)  Nearly  all  the  stones  showed  an  opaque  otiter  layer. 
The  above  points  are  common   to  most  hail-stones,  and 

are  only  referred  to  in  connection  with  a  sixth  character- 
istic, which  I  have  never  before  noticed  in  hail-stones,  nor 
have  I  ever  known  the  same  to  be  mentioned  in  the  litera- 
ture of  the  subject. 

On  some  of  the  stones,  though  not  on  the  majority  of 
them,  well  marked  crystals  of  clear  transparent  ice  projected 
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from  their  outer  surfaces  for  distances  ranging  from  an 
eighth  to  a  quarter  of  an  inch. 

These  crystals,  as  well  as  I  could  observe  from  the 
evanescent  nature  of  the  material,  were  hexagonal  prisms 
with  clearly  cut  terminal  facets.  They  resembled  the  pro- 
jecting crystals  that  form  so  common  a  lining  in  geodic 
masses,  in  which  they  have  formed  by  gradual  crystalization 
from  the  mother-liquor.  They  differed,  however,  of  course, 
in  being  on  the  outer  surface  of  the  spherules. 

What  conditions  could  have  existed  in  the  dense  masses 
of  vapor  from  which  the  stones  received  their  successive  coat- 
ings, which  permitted  the  vapor  to  act  as  a  mother-liquor, 
despite  the  violent  motions  of  the  stones,  so  generally  as- 
sumed to  exist  during  their  formation,  is  difficult  to  conceive. 
The  formation  of  such  crystals  would  seem  to  require  com- 
parative rest  of  the  stones  in  a  dense  vapor  a  short  period 
before  their  final  fall  to  the  earth.  Is  it  probable  that  the 
crystal-encrusted  hail-stones  were  in  a  condition  of  such 
comparative  rest  for  a  sufficient  length  of  time  immediately 
before  their  fall  to  the  earth  to  permit  the  gradual  deposi- 
tion of  the  well-marked  crystals  observed  ? 

I  know  of  no  theory  for  the  formation  of  hail-stones, 
which  will  permit  of  such  a  condition,  except  the  theory'  of 
an  ascending  current,  suggested  by  Mr.  Wm.  P.  Tatham,  in 
an  article  entitled  "A  Contribution  to  Meteorology,"  which 
appeared  in  this  JouRN.\L(see  J.  F.  I.,  June,  1889,  p.437,<'/  seq.), 
and  it  is  not  improbable,  in  my  opinion,  that  such  air  currents 
were  instrumental  in  producing  these  peculiar  hailstones. 

Bearing  in  mind  the  low  temperature  required  for 
the  formation  of  hail,  the  statements  of  Oefers,  Akad. 
Forhandl.,  i860,  p.  439,  that  under  the  strong  cold  attending 
a  fall  of  snow,  ice  is  formed  in  the  shape  of  well-formed 
six-sided  prisms,  are  in  accordance  with  the  shape  of  the 
crystals  observed. 

I  have  referred  to  the  phenomena  of  the  crystal-studded 
hail-stone,  not  for  the  purpose  of  urging  the  acceptance  of 
any  particular  theory  for  the  formation  of  hail,  nor  for  the 
purpose  of  offering  any  explanation,  but  for  simply  placing 
on  record  an  observed  fact. 
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Unfortunately,  I  had  no  camera  at  hand,  and  therefore 
obtained  no  photographic  details  of  the  crystal-studded  hail- 
stones. 

Central  High  School,  • 

Philadelphia,  October  12,  1889. 


The  sanitary  DISPOSITION  of  the  DEAD. 


By  Dr.  C.  A.  Harvey,  New  York  City. 


[Being  tht-  Substance  of  an  Address  delivered  at  the  Stated  Meeting,  held 
Wednesday,  September  18,  iS8g.'\ 

It  may  be  safe  to  say  that  there  is  no  problem  that  con- 
fronts us  to-day  which  is  more  fraught  with  vital  importance, 
from  a  sanitary  standpoint,  than  that  which  concerns  the 
best  method  of  disposing  of  the  dead.  But  it  is  a  question 
around  which  gather  great  and  important  interests,  and  not 
a  few  difficulties. 

There  are  certain  habits  and  customs  of  a  people  which 
indicate  the  measure  of  civilization,  of  refined  sentiment 
and  sense  of  moral  obligation  to  which  they  have  attained. 
In  nothing,  perhaps,  do  these  customs,  either  in  individuals 
or  in  a  people,  more  strikingly  appear  than  in  the  treatment 
and  disposition  of  the  dead.  Where  these  qualities  domi- 
nate there  is  manifest  for  the  dead  the  most  profound 
respect  and  tender  care.  Hence,  to  approach,  at  this 
advanced  stage  of  our  civilization,  a  discussion  of  the  sub- 
ject of  "  the  best  means  of  disposing  of  the  dead  "  will  be 
to  direct  attention  to  a  subject  for  which  the  way  is  already 
measurably  prepared.  And  the  more  so,  because  of  the 
considerable  attention  which  is  now  being  given  to  this 
subject  in  nearly  every  part  of  the  civilized  world.  The 
fact  that  this  subject  is  receiving  such  attention  argues  a 
dissatisfaction  among  thinking  men,  with  existing  and  long- 
practiced  methods.  A  dissatisfaction  which  is  plainly 
traceable   to    the    light    which    scientific  investigation  has 
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thrown  upon  the  serious  evils  attendant  upon  the  practice  of 
inhumation.  Yet,  this  method  has  prevailed  so  long  and  is 
such  a  time-honored  custom,  that  comparatively  few  persons 
ever  give  a  thought  to  any  disposition  of  human  remains 
other  than  that  of  burial  in  the  ground ;  and  few  suspect 
that  a  method  vastly  more  in  accord  with  the  feelings  of  all 
who  meditate  upon  the  subject,  far  more  congenial  to 
humane  sensibilities,  and,  at  the  same  time,  perfectly  sani- 
tary', so  that  the  dead  shall  not  perpetually  endanger  the 
health  and  lives  of  the  living,  can  at  once  be  made  available 
and  placed  within  the  reach  of  all.  It  is,  imdeniably,  one 
of  the  first  duties  of  those  who  are  interested  in  the  public 
weal — the  best  interests  of  their  fellows,  to  seek  for  and 
strive  to  secure  to  them  those  conditions  which  shall  be  most 
conducive  to  the  best  physical  conditions  of  individuals  and 
communities.  Says  Sir  Spencer  Wells  :  "  A  knowledge  of 
sanitary  science,  of  the  conditions  which  are  necessary  for 
the  health  of  mankind,  is  still  confined  to  the  comparatively 
few,  who  may  be  called  the  well-educated  classes."  And  he 
adds  that  it  is  "  the  best  educated  classes  who  are  most 
earnest  in  their  efforts  to  disseminate  the  branch  of 
knowledge  or  science  which,  in  the  words  of  Parkes,  aims  at 
rendering  '  youth  most  perfect,  decay  less  rapid,  life  more 
vigorous  and  death  more  remote.'  " 

It  is  a  marked  characteristic  of  this  age,  more  than  of  any 
other,  that  greater  attention  has  been  given  to  sanita- 
tion and  to  the  laws  which  are  conducive  to  health  and 
longevity. 

It  is  now  very  widely  admitted  that  one  of  the  most 
unsanitary  customs  which  has  ever  been  practiced  is  that  of 
placing  dead  human  bodies  in  the  ground,  there  to  gradually 
decay  and  poison  the  air,  the  earth  and  the  water,  the  three 
elements  upon  which  the  living  suhsist.  Indeed,  sanitary 
science  has  long  proclaimed  against  the  time-honored 
custom  of  committing  the  dead  to  mother  earth  and  leaving 
to  unaided  nature  the  process  of  resolving  the  complex 
compounds  constituting  the  human  body  to  their  simple 
elements  ;  which  processes  of  organic  decaj-  are  dangerous 
in  the  highest  degree  to  the  health  and  lives  of  the  living. 
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Says  .Sir  Henry  Thompson :  "  No  dead  body  is  ever  placed 
in  the  soil  without  polluting  the  earth,  the  air  and  the  water 
above  and  around  it."  But  what  would  he  and  other 
scientists  say  of  the  placing  of  three  or  four  putrifying 
bodies  in  the  same  grave,  covered  with  but  two  to  four  feet 
of  soil,  and  thousands  of  such  graves  upon  a  few  acres 
of  ground  ? 

Many  of  the  old  burying-grounds  of  Europe  have  received 
so  great  a  number  of  human  remains  as  to  raise  the  top-soil 
from  one  to  four  feet  above  the  surrounding  ground.  Many  of 
such  burial  places  have  been  the  fruitful  source  of  epidemics 
and  devastating  plagues  which  have  wellnigh  depopulated 
the  regions  about  them.  Notable  among  these  was  the 
Cemetery  of  the  Innocents,  at  Paris,  the  ground  of  which 
had  been  so  filled  with  buried  dead  as  to  raise  it  some  three 
feet  above  its  normal  level.  The  result  was  the  breaking 
out  of  a  terribly  devastating  plague. 

Shakespeare  seemed  inspired  to  see  this  danger,  as  others 
did  not  in  his  day,  when  he  said: 

"  The  very  witching  time  of  night 

When  graveyards  yawn  and  hell  itself  breaks  out 

Contagion  on  this  world." 

Bascom  relates  that  when  the  parish  church  in  Win- 
chinhampton,  England,  was  rebuilt  in  1843,  the  earth  was 
removed  to  change  the  grade,  and  the  superfluous  black 
earth  of  the  cemetery  surrounding  it  was  disposed  of  for 
manure  and  spread  upon  the  adjoining  fields.  The  result 
was  the  breaking  out  of  an  epidemic  of  measles,  scarlet  fever, 
and  various  malignant  skin  eruptions,  and  the  population 
was  nearly  decimated.  Many  similar  cases  are  facts  in  local 
histories. 

The  old  English  burying  law  required  that  but  135  bodies 
should  be  buried  in  an  acre,  and  only  one  body  in  a  grave. 
But  in  practice  that  number  has  been  exceeded  ten  times 
over,  indeed,  almost  indefinitely.  In  many  of  the  cemeteries 
of  this  country,  the  placing  of  three  or  four  bodies  in  one 
grave,  opening  it  again  for  each  new-comer,  is  coming  to  be 
no  unusual  thing;  warning  us  that  some  of  our  cemeteries 
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ire  even  now  well  on  the  way  to  those  conditions  which 
lave  caused  such  wide-spread  horrors  in  other  lands.  Even 
beautiful  Greenwood,  now  holding  well  on  towards  300,000 
putrifying  human  remains,  is  said  to  be  guilty  of  this  repre- 
liensible  and  outrageous  practice. 

Recent  scientific  discoveries  have  proved  that  the  germs 
oi  many  infectious  and  contagious  diseases  retain  their 
intality  and  the  power  to  spread  the  malady,  in  the  grave 
and  in  the  earth  surrounding  it.  Yellow  fever,  cholera, 
small-pox,  splenic  fever,  scarlet  fever,  diphtheria,  and  other 
contagious  diseases  can  be  thus  communicated  many  years 
ifter  the  burial  of  the  dead.  Pasteur's  researches  on  the 
stiology  of  charbon  shows  that  anthracoid  germs  are  brought 
to  the  surface  by  earthworms  ;  that  the  earth  mould  over 
^aves  contains  the  specific  germs  which  propagate  the 
disease,  and  the  same  specific  germs  are  found  in  the  intes- 
tines of  the  worms. 

Dr.  Robert  Koch,  of  the  Imperial  Sanitary  Bureau,  at 
Berlin,  detected  bacillus  tuberculosis,  and  has  no  doubt  but 
that  consumption  can  be  spread  by  the  upturning  of  the 
soil  of  a  grave  containing  the  victim  of  tuberculosis.  He 
also  discovered  the  comma  bacillus  of  cholera  ;  and  expressed 
the  belief  in  its  propagation  in  the  grave,  especially  if  it  be 
moist. 

The  outbreak  of  cholera  at  Modena,  Italy,  in  1828,  was 
shown  by  Professor  Bianchi  to  be  due  to  the  upturning  of 
the  ground  of  burial  grounds  in  which  victims  of  the  plague 
had  been  buried  300  years  before. 

Dr.  Freire  examined  some  soil  from  a  cemetery  in  Brazil 
where  victims  of  yellow  fever  had  been  interred.  Some  of 
this  earth  was  dried  and  placed  in  a  cage  containing  a 
guinea  pig.  The  animal  became  ill  and  died  within  five 
days.  Upon  dissection  all  the  tissues  presented  the  charac- 
teristic changes  which  yellow  fever  brings  about,  and  the 
brain  and  intestines  were  stained  yellow  by  the  infiltration 
of  the  coloring  matter  of  the  cr\-ptococci. 

While  the  soil  is  infested  with  bacteria  or  specific  disease 
germs,  mephitic  gases,  also,  of  the  most  poisonous  character 
are  passing  through  the  soil  and  escaping  into   the   atmos- 
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phere.  Experiments  prove  that  these  gases  will  rise  to  the 
surface  through  eight  or  ten  feet  of  earth,  and  that  there  is 
practically  no  limit  to  their  power  of  escape.  While 
ammonia  and  offensive  putrid  vaipors  are  all  given  off  froi 
bodies  decomposing  in  graves,  carbonic  acid,  which  makes 
cemetery  gases  so  dangerous,  is  the  largest  product. 

Dr.  Playfair  affirms  that  "  the  importation  of  graveyard 
gases  entering  the  blood  produces  fever  ;  communicated  to 
the  viscera  it  gives  origin  to  diarrhcea,  and  may  be  the 
cause  of  consumption." 

Already  the  pernicious  effects  of  the  2,000  acres  of  ceme- 
tery grounds  in  and  around  Brooklyn  are  very  manifest. 
The  westerly  winds  sweep  those  plague  spots  of  corruption 
and  bear  their  poisonous  gases  and  germs  of  typhoid  fever 
and  diphtheria  to  the  city  of  Flatbush,  making  that  the 
most  unhealthy  community  contiguous  to  the  great 
metropolis,  and  swelling  the  death  rate  to  its  present  alarm, 
ing  proportions.  This  is  only  what  exists  under  like  condi 
tions  elsewhere.  According  to  the  report  of  the  French 
Academy  of  Medicine,  the  "putrid  emanations  of  Pere  la 
Chaise,  Montmartre  and  Montparnasse  have  caused  frightful 
diseases  of  the  throat  and  lungs,  to  which  numbers  of  both 
sexes  fall  victims  every  year."  "  Thus  a  dreadful  throat 
disease,  which  baffles  the  skill  of  our  most  experiencec 
medical  men,  and  which  carries  off  its  victims  in  a  few 
hours,  is  traced  to  the  absorption  of  vitiated  air  into  the 
windpipe  ;  and  has  been  obsen'ed  to  rage  in  those  quarters 
situated  nearest  to  cemeteries." 

In  a  report  read  before  the  American  Medical  Associa- 
tion by  Dr.  J.  M.  Keller,  of  Arkansas,  in  1886,  he  says; 
"  We  believe  that  the  horrid  practice  of  earth  burial  has 
done  more  to  propagate  disease  and  death,  and  to  spread 
desolation  and  pestilence  over  the  human  race  than  does  all 
man's  ingenuity  and  ignorance  in  every  other  custom  or 
habit."     He  adds : 

"  The  graveyard  must  be  abandoned.  The  time  has  come 
for  us  to  face  squarely  the  problem  how  to  dispose  of  our 
dead  with  safety  to  the  living.  The  earth  was  made  for  the 
living,  not  for  the  dead.     Pure  air,  pure  water  and  pure  soil 
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are  absolutely  necessary  for  perfect  health.  Only  skeptics 
denv  that  the  dead  do  poison  these  three  essentials  of 
human  life." 

Time  will  not  now  permit  me  to  speak  of  the  pollution 
of  underground  watercourses  by  the  percolation  through 
graves  in  which  are  the  oozings  from  coffins  of  decomposing 
bodies,  thus  infecting  wells  and  streams  ;  or  of  the  pollution 
by  cemetary  sepage  into  water-sheds  from  which  large 
cities  draw  their  supplies,  as  the  Croton  water-shed,  in 
which  there  are  said  to  be  eighty-three  cemeteries,  large  and 
small,  rendering  the  water  wholly  unfit  for  any  domestic 
purposes  whatever.  That  a  great  sanitary  reform  in  the 
disposition  of  the  dead  is  a  most  important  and  urgent 
necessity  is  too  evident  to  admit  of  question.  Then  the 
practical  query  which  follows  this  concession  is,  "what 
shall  be  the  nature  of  that  reform  ?  and  koxv  shall  it  be 
secured  ?"  Its  nature  must  be  perfectly  sanitary,  and  so 
appointed  and  employed  that  no  contamination  can  occur  to 
either  air,  earth  or  water. 

Now,  I  am  aware  that  a  considerable  number  are  ready 
with  the  suggestion  that  "  Cremation  is  such  a  method." 
But  let  us  look  at  it  candidly  and  apart  from  any  prejudice 
we  may  have  for  one  particular  hobby.  It  is  the  opinion  of 
eminent  jurists  that  should  cremation  threaten  to  become  a 
prevalent  method  of  disposing  of  the  dead,  inhibitor}-  stat- 
utes would  need  to  be  enacted  because  of  its  destruction  of 
evidences  of  crime,  either  by  poisons,  malpractice,  assaults, 
or  violence  of  any  kind. 

Again,  suppose  cremation  were  adopted  as  the  prevalent 
method  and  crematories  were  provided  with  capacity  equal 
to  the  burning  of  all  the  dead,  New  York,  with  its  suburbs, 
has  about  70,000  dead  bodies  to  dispose  of  annually,  nearly 
230  bodies  daily,  which,  if  the  bodies  average  100  pounds 
each,  is  equal  to  7,000,000  pounds  of  "  green  "  human  flesh 
to  te  disposed  of  annually,  or  some  30,000  pounds  daily. 
Bum  those  bodies  and  the  air  will  be  filled  with  stenches  so 
intolerable  that  the  community  would  not  be  long  in  voting 
cremation  an  intolerable  and  unendurable  nuisance,  and 
anything  but  a  sanitar\'  method  of  disposing  of  the  dead. 
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When  Abraham  buried  Sarah  in  the  field  of  Macphelah  the 
question  of  sanitation  was  not  raised.  But  when,  in  1843, 
Chadwick  and  his  associates  began  in  London  their  investi- 
gations and  exposures  of  the  very  unsanitary  mannei;  in 
which  the  dead  of  that  great  metropolis  were  disposed  of, 
the  question  of  sanitation  was  raised  in  so  emphatic  a  man- 
ner as  to  compel  public  attention  and  secure  the  enactment 
of  statutes  which  provided  for  vastly  better  sanitary  regu- 
lations. So,  when  at  Washington,  Pa.,  at  Fresh  Pond,  L.  I., 
or  anywhere  else,  but  three  or  four  bodies  are  burned  in  a 
month,  the  question  of  the  sanitary  effects  upon  the  atmos- 
phere may  be  scarcely  thought  of.  But  the  sanitary  problem 
would  be  greatly  changed  were  all  the  dead  of  great  popu- 
lous communities  to  be  burned.  Here  is  a  practical  diffi- 
culty which  we  have  never  seen  discussed,  and  for  which  we 
know  of  no  absolutely  practical  solution.  That  cremation, 
to  a  limited  extent  and  as  far  as  it  can  be  purely  sanitary,  is 
infinitely  to  be  preferred  to  inhumation  from  a -sanitary 
point  of  view,  no  one  can  deny.  But  there  are  practical 
.obstacles,  both  legal  and  sanitarv,  which  are  verv  serious. 
And  there  are,  also,  obstacles  to  cremation  of  a  sentimental 
character  which  are  little  if  any  less  serious.  A  wise  Crea- 
tor and  benevolent  Father  seems  to  have  implanted  certain 
sentimental  instincts  in  the  human  breast  in  regard  to  a 
fitting  deference  and  respect  for  departed  loved  ones,  which 
demands  t©  be  recognized  and  duly  respected  and  which 
cannot  sufl:er  violence  without  being  shocked  and  pained. 
So  that,  however  the  burning  of  human  remains  may  be 
approved  as  simply  a  sanitary  method,  there  are  manifest 
reasons  which  show  that  it  cannot  become  the  prevalent 
method  of  disposing  of  the  d«ad.  This  brings  me  to  speak 
of  a  method  against  which  lie  none  of  the  obstacles  or 
objections  which  are  insuperable  to  the  other  methods.  I 
refer  to  a  process  of  desiccation  of  the  dead  in  a  finely 
appointed  mausoleum  building  provided  for  that  purpose. 
It  is  a  process  which  is  faultlessly  sanitary ;  and,  therefore, 
meets  all  the  requirements  in  that  respect  that  the  most 
enthusiastic  advocate  for  burning  can  demand.  It  provides, 
as  no  other  disposition  of   the   dead  has  ever  provided,  for 
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meeting  and  fully  gratifying  that  tender  loving  sentiment 
respecting  the  treatment  and  disposition  of  the  dead  which 
is  so  universal. 

The  sanitary  advantages  and  perfections  of  this  method 
are  secured  by  the  application  of  advanced  science  in  the 
use  of  appliances  and  in  the  manner  of  construction. 
Magnificent  mausoleum  buildings,  much  more  grand  and 
elegant  than  any  the  world  lias  ever  before  seen,  are  pro- 
vided with  a  large  number  of  sepulchres  which  are  formed 
in  concrete  and  an^anged  in  tiers  and  rows,  not  wholly 
unlike  the  arrangement  of  the  spaces  in  a  safe  deposit  bank. 
The  sepulchres  have  one  opening,  which  fronts  a  corridor, 
for  admitting  the  body ;  and,  when  that  is  placed  within,  a 
plate  glass  front  is  hermetically  sealed  intci  that  opening 
and  this  is  again  covered  with  a  marble  or  metallic  shutter 
or  door  and  made  secure. 

There  are  conduits  formed  in  the  concrete,  which  bring 
dry  air  into  the  sepulchres  at  one  end,  and  others  which 
take  it  out  at  the  opposite  end.  The  air,  as  it  passes  out,  is 
no  longer  dry,  but  is  laden  with  gases  and  moisture  which 
has  absorbed  from  the  bodies,  and  is  now  borne  through 
conduits  to  a  furnace,  located  in  an  annex,  where  it 
passes  through  the  fire  and  is  purified;  so  that  no  delate 
rious  gases  or  offensive  odors  can  ever  escape  into  the 
atmosphere.  The  air  which  is  drawn  into  and  passes 
through  the  sepulchres  is  first  rendered  anhydrous  in  a 
large  drying  room,  into  which  it  is  forced  and  from  which  it 
is  distributed  to  the  sepulchres,  where  it  absorbs  the 
moisture  from  the  bodies  in  its  passage. 

B}-  this  process  a  steady  current  of  dry  air  is  pouring 
into  and  through  the  sepulchre,  and  doing  its  work  most 
efficiently  on  its  way.  The  greedy  aviditv  with  which  dry 
air  seizes  and  absorbs  moisture  is  known  and  realized  by 
very  few.  When  a  moderate  current  of  dry  air  envelopes  a 
human  body  in  an  air-tight  sepulchre,  constantly  drawing 
the  moisture  out  of  the  body  and  bearing  it  away,  the  dry 
air  flowing  in  as  the  moisture-charged  air  and  gases  are 
drawn  out,  the  process  of  desiccation  goes  steadily  on  until 
it  is  finally  accomplished,  in  from  two  to  five  months. 
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After  the  work  of  desiccation  is  finished  the  air  conduits 
are  closed.  As  dry  air  only  can  be  in  the  sepulchre  when  it 
is  closed,  and  as  the  sepulchre  is  hermetically  sealed  and, 
therefore,  atmospheric  air  cannot  reach  the  now  dessica.ted 
body,  oxidation  cannot  be  expected  to  ensue.  There  the 
body  will  repose  in  security  and  sweetness  until  the  sound- 
ing of  the  resurrection  trump. 

The  fact  that  by  this  process  the  moisture  and  gases 
extracted  from  the  body  are  borne  to  the  fire  and  cremated, 
and  that,  as  the  process  is  slow  the  deleterious  gases  and 
vapors  pass  to  the  furnace  in  small  quantities  at  a  time  and 
are  consumed  with  the  utmost  ease  and  safety,  it  is  thus 
made  the  best  sanitary  disp(jsition  of  the  dead. 

Again,  it  is  claimed  indisputably,  that  bacteria,  microbes 
and  disease  germs  of  every  name,  live,  thrive  and  propagate 
in  connection  with  moisture  ;  and  that,  deprived  of  moisture 
and  subjected  to  dry  air  conditions  only,  they  cease  to  exist 
or  are  entireh'  innocuous. 

Dr.  vStcrnberg,  general  director  of  the  Hoagland  Labora- 
.tory,  says :  "  The  cholera  spirillum  is  destroyed  in  a  few 
hours  by  desiccation.  The  typhoid  bacillus  takes  a  longer 
titne;  but,  exposure  in  a  dry  condition  to  oxygen  is  one  of 
the  most  effective  ways  of  destroying  this  and  other  patho- 
genic germs."  So  that,  if  all  germs  of  disease  are  not 
entirely  borne  away  with  the  moisture  and  gases  and  con- 
sumed in  the  flames,  and,  should  any  remain,  they  are 
destroyed  quite  as  effectually  by  the  dry  air  in  the  sepulchre, 
which  is  hermetically  sealed.  Thus,  again,  rendering  this  a 
thgroughly  sanitary  method  of  disposing  of  the  dead. 

Permit  me  to  say  in  conclusion,  that  the  plan  for  the 
desiccation  of  human  bodies  in  a  New  Mausolem,  provides 
for  great  economy  of  space  in  disposing  of  the  dead,  render- 
'  ing  one  acre  of  ground  equal  to  thirty-five  acres  for  ceme- 
tery use ;  provides  for  the  most  respectful  and  kindly  care 
for  the  dead  for  all  time  ;  for  perfect  security  and  protection 
for  the  bodies  placed  therein ;  for  guarding  against  entomb- 
ment alive  ;  preserves  the  remains  for  future  removal  or  for 
tnedico-legal  examination  ;  provides  a  home  which  is  equal 
in  elegance  to  any  princely  mansion  of  earth  and  vastly 
more    enduring,  in    which    the   dead   may  repose   without 
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being  disturbed  ;  and,  in  addition  to  all  these  other  advan- 
tages, its  sanitary  provisions  are  perfect,  lacking  liothing. 
Thus  making  it  the  best  method  for,  the  sanitary  disposi- 
tion of  the  dead. 


RAMIE. 


By  Jules  Juvenkt. 


[,-/  paper  rem/  at  the  Slated  Meeting,  held  October  r6,  r88Q.~\ 

Dr.  Isaac  Norris  in  the  Chair. 
Mr.  Juvenet--Mk.  President,  Ladies  and  Gentlemen: 

I  am  here  to  contribute  my  share  of  labor  to  the  success 
of  the  ramie  industry,  which  is  destined  to  revolutionize, 
ere  long,  the  textile  markets  of  Great  Britain  and  America, 
and  moreover  to  considerably  develop  the  production  of 
the  Southern  States,  as  well  as  the  manufactures  of  the 
Northern  States :  but,  before  entering  upon  ray  subject,  let 
me  request  your  indiilgence  for  attempting  to  address  you 
in  a  language  not  my  own. 

What  is  ramie  ? 

It  was  formerly  placed  by  the  botanists  in  the  class  of 
I'rtica,  but  it  is  now  called  Bochincria,  or  spearless  nettle. 

I  will  call  it  by  no  scientific  name,  I  will  simply  name  it 
the  richest  of  all  plants,  for  it  possesses  wealth  of  growth, 
wealth  of  development  and  wealth  of  fibre.  In  ordinary 
light  ground,  with  a  little  watering  now  and  then  by  rain 
or  irrigation,  no  plant  will  grow  so  rapidly,  no  root  will 
multiply  more  quickly  and  prodiice  more  stalks,  no  vegetable 
fibre  is  handsomer,  richer  or  more  silky  than  ramie. 

It  is  a  perennial  plant,  and  when  once  put  in  the  ground, 
it  grows  for  over  twenty  years,  without  replanting;  giving, 
according  to  climate,  two  and  three  crops  a  year;  it  is  easy 
of  cultivation,  requiring  only  a  soil  clean  and  loose ;  it  is 
planted  in  straight  rows,  three  feet  apart,  in  a  small  up-hill 
form  :  the  plants  must  be  kept   very  close,  in  order  to  shoot 
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forth  straight  stalks,  without  any  branches  ;  it  grows  about 
like  willow,  an  average  of  fifteen  to  twenty  switches,  from 
six  to  eight  and  ten  feet  high,  covered  on  the  upper  part 
with  large  green  leaves,  white  underneath.  Through,  its 
leaves  ramie  takes  its  nourishment  from  the  ozone  of  the 
air.  This  developed  part  of  nourishment  of  the  plant,  added 
to  the  large  extensive  propensity  of  the  mother-root,  from 
which  run  horizontally  and  down  a  lot  of  rhizomes  and 
small  roots,  explain  the  extraordinary  vitality  of  the  plant, 
and  its  three  and  four  crops  a  year  in  some  countries.  The 
Chinese  alone  have,  for  a  thousand  years  past,  extensively 
cultivated  the  ramie  plant ;  before  them,  the  Egyptians  were 
shrouding  their  dead  in  magnificent  winding  sheets  of 
ramie,  which  to  this  day  are  found  in  the  bandages  of  their 
mummies.  As  a  textile,  therefore,  ramie  is  not  precisely  a 
new  thing. 

How  comes  the  industrial  world  of  this  industrial  century 
to  be  thus  backward  in  introducing  practically  a  plant  ca- 
pable of  yielding  such  important  returns  and  which  was 
■made  known  in  Europe  by  Professor  Roseburgh,  Director 
of  the  Botanical  Garden  of  Calcutta,  as  long  ago  as  1803? 

The  reason  is  that  machinery  has  been  required  to  do  the 
handwork  of  the  Chinese.  No  machine  can  do  it  at  once 
practically ;  it  requires  machinery  good  for  planters,  enabling 
mere  separation  of  the  crude  bark  of  the  stalks,  leaving  to 
industry  and  chemical  agents  the  task  of  eliminating  the 
gummy  and  resinous  matters  encasing  the  fibre. 

It  is  then  not  only  a  practical  machine  to  peel  the  bark 
from  the  ramie  stalks  that  we  want,  but  also  a  cheap  chemi- 
cal process  to  dissolve  the  foreign  matters  around  the  white 
textile,  which  has  also  to  be  spun  on  special  machinery. 
Only  the  perfect  knowledge  of  these  connected  operations, 
managed  in  a  business  way,  will  assure  in  this  country  the 
success  of  the  ramie  industry. 

In  a  rapid  manner  I  have  already  explained  above  the 
mode  of  culture  of  the  plant,  and  I  am  now  preparing  to  be 
distributed  over  all  the  Southern  States  a  pamphlet  giving 
detailed  infornjation  on  the  different  phases  of  the  ramie 
culture. 
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There  is  no  doubt  that  Southern  planters  will  go  exten- 
sively into  said  culture,  when  we  have  here  in  Philadelphia 
mills  to  turn  their  raw  products  of  ramie  into  thread  finer 
and  stronger  than  the  finest  flax  thread. 

After  the  cultivation  of  ramie  we  have  to  know  how  to 
harvest  it,  or  decorticate  it,  then  to  bleach  the  same  and 
spin  it. 

It  is  these  three  operations  that  I  want  to  explain  here, 
and  on  which  we  experimented  last  week  at  Bloomsdale 
Farm,  near  Bristol,  Pa. 

A  five-acre  field  was  planted  with  ramie  there  in  May  of 
this  year,  for  experimentation  only,  because,  in  a  general 
way,  the  ramie  culture  is  not  well  adapted  to  this  section, 
the  frost  here  killing  the  root  during  the  winter ;  but  Phila- 
delphia is  an  enterprising  textile  place,  and  wants  to  have  at 
hand  every  element  of  success.  To  illustrate  what  has  been 
done  at  Bloomsdale,  I  bring  here  some  green  ramie  stalks 
from  that  place. 

A  minimum  of  fifteen  of  these  are  growing  in  a  bunch 
on  each  plant,  and  there  are  10,000  plants  in  one  acre,  say 
from  1 50,000  to  200,000  stalks  to  the  acre ;  an  efficient 
machine  had  then  to  be  devised  to  harvest  rapidly  such  a 
number  of  stalks. 

The  decortication  or  peeling  of  the  fibre  from  the  stalk  is 
done  in  the  following  way:  (i)  By  beaters  to  strip  the 
leaves;  (2)  A  crusher  to  break  the  woody  part;  and  (3) 
Other  beaters  to  knock  out  the  wood  and  get  the  bark  in  the 
way  I  show  you  here,  which,  henceforth,  will  be  the  market- 
able article  for  planters  of  ramie.  Then  the  chemical  treat- 
ment will  come  in  and  dissolve  the  gummy  matters  in  order 
to  get  the  white  textile,  which  will  be  spun  in  Philadelphia. 
The  crude  bark  is  chemically  composed  as  follows: 

The  cellular  portion,  embracing  cellulose,  paracellulose, 
metacellulose ;  then  vasculdse,  pectose,  cutose,  albuminous 
substances,  pectate  of  lime,  some  mineral  matters  in  very 
small  quantities. 

The  cellulose,  of  which  there  is  about  seventy  per  cent, 
in  Louisiana  ramie,  is  the  fibre  itself.  We  have  to  keep  it 
intact,  to  get  our  pure  ramie  textile,  henceforth  we  have, 
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then,  to  eliminate  the  vasculose,  peetose  and  cutose  more  or 
less  according  to  the  purposes  for  which  the  material  is 
wanted,  or  for  cordage,  lace,  or  damask.  If  it  is  for  cord- 
age, cutose  only  .  must  be  dissolved,  and  if  for  lace  Qr 
damask,  vasculose,  peetose  and  cutose  must  be  dissolved 
to  leave  the  cellulose  or  fibre  entirely  pure. 

As  a  guide,  it  .should  be  noted,  that  boiling  diluted 
hydrochloric  acid  dissolves  pectate  of  lime,  setting  free 
pectic  acid,  which  may  be  neutralized  by  an  alkali,  and  it 
also  transforms  peetose  into  pectine,  which  can  be  precipi- 
tated by  alcohol. 

Cellulose  is  dissolved  by  cupro-ammonium  solution  ;  and 
boiling  hydrochloric  acid  renders  paracellulose  soluble  in 
cupro-ammonium.  Bi-hydrated  sulphuric  acid  dissolves 
cellulose  substances.  A  boiling  solution  of  potassa  dissolves 
cutose,  and  under  pressure  it  dissolves  vasculose.  Diluted 
nitric  acid  renders  vasculose  soluble  in  alkaline  solutions. 

The  bleaching  process  consists  then  in  applying  the 
chemical  agents  in  suitable  proportions  to  dissolve  slowly 
the  foreign  matters  we  want  to  get  rid  of,  which  are  then 
washed  away  in  running  water.  The  bleaching  being  done, 
the  fibre  is  then  ready  for  the  mill — but  no  spinning  mill  for 
ramie  exists  as  yet  in  the  United  States,  and  the  cotton, 
wool,  flax  and  hemp  spinners  cannot  put  ramie  on  their 
machinery.  It  requires  from  the  softener  to  the  spinning- 
frame,  provided  with  numerous  small  spindles,  a  series  of 
from  eight  to  ten  machines  well  connected  together.  When 
the  ramie  has  passed  through  these  machines  it  is  then 
turned  into  strong,  fine,  glossy  thread,  from  No.  lo  to  No.  80, 
which  any  weaver  of  the  land  may  use  with  advantage. 

The  problem  of  the  practical  utilization  of  ramie,  is  at 
last  on  the  ver^'  road  to  siiccess  in  all  its  branches ;  this  has 
not  been  obtained  without  study  and  loss  of  money  and 
time. 

To  agriculturists,  I  will  say,  that  I  have  often  weighed 
ramie  stalks,  grown  by  myself,  in  Louisiana ;  I  used  to  take 
150  stalks  fully  grown,  about  six  feet  high ;  those  150  stalks 
representing  the  minimum  crop  of  ten  plants.  It  gave  me 
the  following  figures : 


Nov..  1SS9.]  Raiiiic.  375 


H'fight  of 

Green 

Stalks  with 

leaves. 

Weight  0/ 

Green 

Stalks  witli- 

out  fxaves. 

Crude  Fibre, 
Wet. 

Crude  Fibre, 
Dry. 

meached 
Fibre. 

ths. 

Ihs. 

Ihs. 

lbs. 

oz 

49 

29 

6 

1 

1 

Plants  .•italks. 

10  1  50 

There  are  10,000  plants  in  one  acre,  or  1,000  times  more 
than  the  above  table,  say  1,000  pounds  of  crude  l>ark  or 
fibre,  dry,  and  437  pounds  of  bleached  ramie,  per  crop,  and 
as  there  will  be  two  crops  if  not  three  yearly,  the  gross 
return  of  an  acre  of  ramie  can  be  easily  calculated,  when  I 
add  that  crude  bark  of  ramie,  dried  and  baled,  is  worth  from 
three  to  five  cents  a  pound,  according  to  quality.  I  will  say, 
also,  that  there  is  in  the  South  not  much  danger  of  bad 
crops  of  ramie,  because  it  is  easy  of  cultivation,  and  there 
is  no  fear  of  frost,  or  of  cotton  worm,  on  account  of  the 
tannin  contained  in  the  plant,  on  which  account,  insects 
rarely  attack  ramie  plants. 

This  new  product  of  the  Southern  States  being  broiight 
to  Philadelphia  to  be  bleached  and  spun,  will  advance  the 
welfare  of  this  city  as  has  the  carpet  trade. 

Philadeljihia  is  now  the  greatest  carpet-making  city  in  the 
world.  Only  about  thirty  years  ago  the  industry  here  had 
its  beginning  with  John  Bromley,  who  worked  two  looms  in 
a  small  building.  There  are  now  172  establishments,  occu- 
pying over  200  large  structures,  working  7,350  looms  and 
employing  17,800  workmen.  They  produced  last  year 
71,500,000  yards  of  carpet,  worth  nearly  $48,000,000.  And 
the  price  to  the  consumer  has  been  reduced  about  one-half. 

When  ramie  shall  be  woven  alone,  or  v/ith  cotton,  wool, 
flax  or  silk,  as  samples  here,  by  every  mill  in  the  countr\-, 
the  public  at  large  will  find : 

T/icrt  ramie  has  twice  as  great  strength  as  flax  and  hemp, 
that  it  washes  much  better  than  any  other  textile  and 
becomes  whiter  than  hemp  and  flax. 

That  ramie,  when  properly  worked,  has  the  lustre  of  silk, 
to  such  an  extent  that  it  is  used  for  many  fancy  articles, 
dresses,  fine  passementeries,  portieres,  plush,  etc. 

T/tat  ramie  is  more  hygienic  than  flax,  hemp  or  cotton, 
and  that  its  use  is  recommended  in  several  hospitals  for 
dressing-  wounds. 
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That  raiiiif  does  not  rot  in  \vater,  and  that  on  this  account 
it  is  in  great  demand  in  the  Navy  for  sails,  cordage,  fishing 
tackle,  and  wherever  the  quality  of  resistance  to  the  atmos- 
phere and  water  is  needed. 

With  all  the  elements  of  success  above  explained,  and 
even  in  the  incessant  and  dailv  progress  which  this  century 
makes  in  all  things,  commerce,  industry,  literature,  art, 
science,  a  new  industry  of  any  scope  and  importance  neces- 
sitates inr  rapid  development  a  large  centre  of  production 
and  consumption.  Philadelphia,  I  hope,  will  be  this  centre 
for  the  ramie  production  of  the  Soirth,  and  the  ramie  manu- 
facture and  consumption  for  the  whole  of  this  great 
Republic. 

REVIEW  OK  THEORIES  of  ELECTRICAL  ACTION.* 


Bv   I'uoFEssoR   H.  S.  Carhart. 


■  The  Physics  Section  of  this  Association  congratulates 
itself  because  it  deals  with  topics  of  the  most  lively  and 
general  interest,  not  only  from  a  practical  point  of  view,  but 
still  more  from  a  theoretical  one.  Even  popular  interest  in 
electricity  is  now  wellnigh  universal.  Its  applications 
increase  with  such  prodigious  rapidity  that  only  experts  can 
keep  pace  with  them.  At  the  same  time  the  developments 
in  pure  electrical  theory  are  such  as  to  astound  the  intelli- 
gent layman  and  to  inflame  the  imagination  of  the  most 
profound  philosopher. 

Of  the  practical  applications  of  electricity  it  is  not  neces- 
sary to  speak.  They  bear  witness  of  themselves.  A 
million  electric  lamps  nightly  make  more  splendid  the 
lustrous  name  of  Faraday ;  a  million  messages  daily,  over 
land  and  under  sea,  serve  to  emphasize  the  value  of  Joseph 
Henry's  contribution  to  modern  civilization.  Blot  out  these 
two  names  alone  from  the  galaxy  of  stars  that  shine  in  the 

*  Address  by  Professor  Carhart.  Vice-President  Section  B,  American 
Association  for  the  Advancement  of  Science,  delivered  at  the  annual  meet- 
ings, Toronto,  August  28.  1880      Abstr.TCt  from  The  Elfcirical  Eni:ine(r. 
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physical  firmament,  take  from  the  world  the  benefits  of 
their  investigations,  and  the  civilization  of  the  present 
would  become  impossible.  The  value  of  the  purely  scien- 
tific work  of  such  men  is  attested  by  the  resulting  well- 
being,  comfort  and  happiness  of  mankind. 

But  the  mind  can  never  rest  satisfied  with  the  facts  and 
applications  of  a  science,  however  interesting  and  useful 
they  may  be.  It  feels  an  inward  impulse  to  link  the  facts 
into  a  related  whole,  to  inquire  into  their  causes,  to  frame  a 
satisfactory  theory  of  their  correlation,  and  so  to  build  on 
them  a  true  science. 

It  is,  indeed,  interesting  to  study  the  history  of  any 
scientific  doctrine  and  to  trace  its  development  from  the 
crude  notions  of  its  earliest  stages  to  the  more  refined  con- 
ceptions of  later  periods,  comporting  indefinitely  better 
with  the  marvellous  processes  of  nature.  Such  a  history  we 
have  in  the  views  which  have  been  held  regarding  the 
nature  and  action  of  electricity.  The  transition  from  the 
ghitinous  effluvium  of  the  sagacious  Robert  Boyle  to  the 
magnetic  and  electric  waves  of  the  present,  traversing  the 
omnipresent  ether  with  the  velocity  of  light,  is  not  an  easy 
one  to  make,  even  in  a  period  of  200  years. 

For  more  than  twenty  centuries  natural  philosophers 
hadnothing  better  than  the  emission  theory  to  account  for 
the  attraction  exhibited  by  rubbed  amber  and  other  similar 
substances.  Their  notion  was  that  the  rubbing  of  the 
amber  caused  it  to  emit  an  eiifluvium  which  returned  again 
to  its  source  and  carried  light  bodies  back  vith  it. 

In  one  respect  this  fanciful  attempt  to  explain  electrical 
attraction  deserves  commendation,  for  it  evinces  a  mental 
inaptitude  to  account  for  physical  actions  "  at  a  distance," 
or  without  some  intermediate  agency.  Later  philosophers, 
satisfied  perhaps  too  easily  with  mathematical  explanations 
founded  on  the  observed  laws  of  attraction  and  repulsion, 
and  not  demanding  a  medium,  did  not  feel  the  same  intel- 
lectual necessity  of  filling  the  space  between  bodies  acting 
on  one  another,  either  with  emanations  from  those  bodies 
or  with  an  invisible,  imponderable  medium,  suspected  by 
no  sense  of  man,  but  required  only  to  meet  a  demand  of  his 
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highest  intelligence.'  F'or  when  the  Newtonian  philosophy 
had  made  some  progress,  the  doctrine  of  unctuons  effluvia 
was  given  up,  and  physicists  acquiesced  in  the  unexplained 
principle  of  attraction  and  repulsion  as  properties  of  certain 
bodies  communicated  to  them  by  the  Divine  Being,  the 
mechanism  of  which  they  scarcely  attempted  to  explain. 

"  Many  superficial  philosophers  thought  they  had  given 
a  very  good  account  of  electricity,  cohesion  and  magnetism 
by  calling  them  particular  species  of  attraction  peculiar  to 
certain  bodies."* 

The  discovery  by  Stephen  Grey  that  "  the  electric  virtue  " 
could  be  conveyed  along  a  wire  for  several  hundred  feet 
without  sensible  diminution,  and  the  invention  of  the 
Leyden  jar  by  Kleist,  or  Cuneus,  had  the  effect  of  annihila- 
ting many  mushrooin  theories  constructed  on  the  slimmest 
basis  of  facts.  The  latter  discovery  disclosed  a  power  in 
electricity  not  previously  suspected,  and  excited  the  greatest 
interest  in  both  Europe  and  America. 

At  this  period  Franklin  turned  his  attention  to  the  sub- 
ject, and  "  spent  more  time  in  diversifying  facts  and  less  in 
refining  upon  theory  "  than  some  of  his  European  contem- 
poraries. In  fact,  he  tells  us  that  he  was  never  before 
engaged  in  an}'  study  that  so  totally  engrossed  his  attention 
and  his  time.  His  discovery  that  the  two  electricities  "are 
always  excited  in  equal  quantities,  that  the  charge  resides 
on  the  glass  and  not  on  the  coatings  of  the  Leyden  jar,  and 
his  experimental  identification  of  lightning  with  frictional 
electricity,  excited  the  liveliest  interest  abroad,  and  secured 
for  him  the  Copley  medal  of  the  Royal  Society  ;  while  his 
theory  of  positive  and  negative  electricity  made  a  perma- 
nent addition  to  the  nomenclature  of  the  science.  His  con- 
ceit that  a  turkey,  killed  with  the  discharge  of  a  battery  of 
jars,  was  uncommonly  tender  eating,  a  discovery  gravely 
communicated  to  the  Rt)yal  Society  by  William  Watson,  is 
not  so  well  known,  and  does  not  appear  up  to  the  present  to 
have  been  verified. 

We  cannot  agree  with  him,  1   am   sure,  when  he  says : 

*  Priestley's  Hist.  (>f  Elec,  vol.  ii,  p.  i8. 
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"  Nor  is  it  of  much  importance  for  us  to  know  the  manner 
in  which  nature  executes  her  laws;  it  is  enough  if  we  know 
the  laws  themselves." 

For  the  punsuit  of  the  manner  in  which  nature  executes 
her  laws  is  the  distinguishing  characteristic  of  the  science 
of  the  present  day.  It  has  led  to  most  brilliant  discoveries, 
and  bids  fair  to  do  more  than  all  other  agencies  combined 
to  show  the  intimate  and  necessary  relations  existing 
between  the  different  branches  of  physics.  We  need  to 
be  reminded  often  that  accumulated  facts  do  not  constitute 
a  science  ;  and  that  utility  is  not  the  highest  reward  of 
scientific  pursuits. 

A  bit  of  polished  marble,  plucked  from  the  ruins  of  the 
Roman  Palatine  Hill,  is  an  interesting  relic ;  but  how  much 
more  interesting  to  reconstruct  the  palace  of  Nero  and  to 
see  this  fluted  marble  in  its  proper  and  designed  relation  to 
the  whole,  of  which  it  was  once  a  necessar\'  part.  Science 
is  constructive.  Laws  are  derived  from  an  attentive  con- 
sideration of  facts ;  generalizations  group  laws  under 
broader  relationships ;  and  great  principles  unite  all 
together  into  one  related,  impressive  whole. 

From  the  time  when  the  famous  Boyle  caught  sight  of  a 
faint  glimmer  of  electric  light  to  the  present,  physicists 
have  been  in  pursuit  of  the  connection  between  li.ght  and 
electricity.  As  early  as  Newton's  time,  the  ether  was  con- 
ceived by  some  to  be  a  subtle  medium  confined  to  very 
small  distances  from  the  surfaces  of  bodies,  and  to  be  the 
chief  agent  in  all  electrical  phenomena.  "  But,"  says 
Priestley,*  "  the  far  greater  number  of  philosophers  suppose, 
and  with  the  greatest  probability,  that  there  is  a  fluid,  sui 
generis,  principally  concerned  in  the  business  of  electricity. 
They  seem,  however,  though  perhaps  without  reason, 
entirely  to  overlook  Sir  Isaac  Newton's  ether ;  or  if  they  do 
not  suppose  it  to  be  wholly  unconcerned,  they  allow  it  only 
a  secondary  and  subordinate  part  to  act  in  this  drama." 
Among  the  branches  of  knowledge  that  this  writer  recom- 
mends as  likely  to  be  of  especial  service  in  the  study  of 


*  Hist,  of  Elec.   vol.  ii,  p.  22. 
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electricit}-  is  the  doctrine  of  light  and  colors.  The  inven- 
tion of  the  voltaic  battery,  and  Sir  Humphry  Davy's  cele- 
brated experiment  in  producing  the  electric  arc,  stimulated 
inquiry  in  this  same  direction.  Mrs.  Somerville,  Morrichini 
and  others  sought  to  produce  magnetism  by  means  of  sun- 
light, but  ultimately,  as  is  now  known,  without  success. 
Notwithstanding  these  negative  results,  Faraday  had  such 
a  "  strong  persuasion  derived  from  philosophical  considera- 
tions "  of  a  direct  relation  between  light  and  electricity, 
that  he  resumed  the  inquiry  in  a  most  searching  manner, 
with  the  happy  result  of  discovering  the  rotation  of  the 
plane  of  polarization  of  light  by  means  of  magnetism. 

"Thus  is  established,"  he  says,*  "a  true,  direct  relation 
and  dependence  between  light  and  the  magnetic  and  elec- 
tric forces;  and  thus  a  great  addition  [is]  made  to  the  facts 
and  considerations  which  tend  to  prove  that  all  natural 
forces  are  tied  together,  and  have  one  common  origin." 

It  was  thus  reserved  for  Faraday  to  make  those  discov- 
eries and  to  obtain  that  insight  into  electric  and  magnetic 
•action  which  were  needed  by  his  great  disciple  and  inter- 
preter. Maxwell,  to  construct  a  most  marvellous  theory  of 
the  connection  between  these  two  departments  of  physical 
science. 

Respecting  the  failures  to  obtain  magnetism  from  the 
direct  action  of  sunlight,  to  which  allusion  has  been  made, 
Maxwell  says  that  we  should  not  expect  a  different  result, 
because  the  distinction  between  magnetic  north  and  south 
is  one  of  direction  merely;  that  there  is  nothing  in 
magnetism  indicating  such  opposition  of  properties  as  is 
seen  at  the  positive  and  negative  poles  of  a  battery  in  elec- 
trolysis ;  that  even  right  and  left-handed  circularly-polarized 
light  cannot  be  considered  the  analogue  of  the  two  poles  of 
a  magnet,  for  the  two  polarized  rays  when  combined  do  not 
neutralize  each  other,  but  produce  plane-polarized  light. 

It  may  be  said,  however,  that  if  a  right-handed  circularly- 
polarized  ray  produces  magnetism  in  one  direction,  and  a 
left-handed  ray  in  the  opposite,  then  the  combination  of  the 
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two  rays  ma}-  neutralize  their  magnetic  effect,  inasmuch  as 
plane-polarized  light  ma}'  have  no  magnetic  influence.  Pro- 
fessor J.  J.  Thomson  has  latelv  shown  mathematically  that 
a  circularly-polarized  ray  does  have  a  magnetic  effect,  but 
that  it  is  so  small,  even  with  strong  sunlight,  as  to  be  much 
beyond  the  limits  of  experiments  ;  and  Mr.  Shelford  Bid- 
well  has  produced  a  bar  of  iron  in  such  an  exquisitely 
sensitive  magnetic  state,  that  magnetic  changes  are  cer- 
tainly produced  in  it  by  the  direct  action  of  light.  This  he 
has  secured  by  rendering  the  bar  more  susceptible  to  mag- 
netic influences  in  one  direction  than  the  other.  We  may 
not,  I  venture  to  affirm,  be  without  hope  that  magnetism 
and  electric  currents  may  yet  be  evoked  by  the  direct 
agency  of  sunlight. 

Faraday  was  deeply  convinced  that  space  had  magnetic 
properties,  and  that  the  space  or  medium  around  a  magnet 
is  as  essential  as  the  magnet  itself,  being  a  part  of  the 
complete  magnetic  system.  To  him  all  magnetic  and 
electric  action  took  place  by  contiguous  particles  along 
lines  of  force.  "  What  that  magnetic  medium,  deprived  of 
all  material  substance,  may  be,  I  cannot  tell,"  he  says,* 
"perhaps  the  ether."  No  doubt  existed  in  Faraday's  mind 
that  these  lines  represent  a  state  of  tension;  but  whether 
that  tension  is  a  static  state  in  the  ether,  or  whether  it  is 
dynamic,  resembling  the  lines  of  flow  of  a  current  between 
the  poles  of  a  battery  immersed  in  a  conducting  fluid,  was 
uncertain.  He  inclined,  however,  to  the  latter  view.  He 
was  thus  lead  to  advocate,  though  not  without  hesitation, 
the  physical  nature  of  lines  of  force. 

Faraday's  discoveries  and  his  method  of  regarding  all 
magnetic  and  electric  actions  as  propagated  through  a 
medium  by  means  of  contiguous  parts  have  been  of  the 
utmost  productiveness.  They  have  revolutionized  the 
science  of  electricity,  and  have  been  the  most  potent  factors 
in  the  genesis  of  a  theory,  including  all  radiant  energy, 
which  has  recently  received  such  remarkable  and  conclusive 
confirmation.     His  name  has  become  almost  a  household 
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word.  His  earnest,  unselfish  life  has  added  unnumbered 
millions  to  the  world's  wealth.  His  ideas  and  words,  which 
have  been  instruments  in  the  hands  of  philosophers,  have 
become  the  current  coin  of  the  commercial  tyro,  who  talks 
as  glibly  about  lines  of  force  and  the  magnetic  circuit  as  if 
he  really  knew  something  about  them. 

Fruitful  as  Faraday's  ideas  were,  the\'  yet  awaited  a 
mathematical  interpreter  for  their  highest  development.  A 
good  Providence  sent  James  Clerk  Ma.xwell,  whose  brilliant 
mathematical  ability  was  equalled  by  his  philosophic 
insight,  his  poetic  feeling  and  imagination,  his  profound 
.sincerity  and  his  great  sympathy  with  nature. 

To  appreciate  Maxwell's  relation  to  theories  of  electrical 
action,  it  is  desirable  to  take  a  retrospect  of  the  views  that 
have  been  held  regarding  its  nature.  Three  periods  in  the 
history  of  these  views  may  readily  be  distinguished.  The 
first  was  introduced  by  Dr.  Gilbert  in  1600,  and  it  lasted 
for  about  225  years.  The  little  that  was  known  previous  to 
Gilbert  constitutes  only  the  preface  or  introduction  to  the 
history  proper.  Nearly  three-fotirths  of  this  period  was 
utterly  barren  and  unfruitful.  It  knew  nothing  better  than 
unctuous  efliuvia  and  electric  atmospheres.  In  the  latter 
half  of  the  period  the  Newtonian  philo.sophy  had  become 
the  orthodox  doctrine.  The  great  success  attending  the 
mathematical  investigations,  founded  upon  the  law  of 
inverse  squares,  naturally  carried  with  it  the  acceptance  of 
the  underlying  hypothesis  of  "action  at  a  distance."  There 
were  not  lacking,  indeed,  men  of  deeper  philosophic  insight 
who  denied  this  doctrine,  which  they  looked  upon  as 
entirely  unphilosophical  and  which  must  utterly  bar  the 
way  to  any  inquiry  into  the  process  by  which  the  law  is 
executed.  Action  at  a  distance  by  attraction  or  repulsion, 
varying  inversely  as  the  square  of  that  distance,  means  an 
ultimate  fact  not  admitting  of  further  analy.sis. 

The  second  period  was  one  of  contention.  It  began,  not 
with  the  important  discovery  of  current  electricity,  nor  of 
the  electro-magnet,  but  with  the  philosophical  methods  and 
concepts  of  Faraday.  The  physical  postulates  'of  the 
mathematical  sghool  were  entirely  alien  to  the  views  which 
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lie  adopted.  "  Faraday,  in  his  mind's  eye,  saw  lines  of  force 
traversing  all  space  where  the  mathematicians  saw  centres 
of  forces  attracting  at  a  distance ;  Faraday  saw  a  medium 
where  they  saw  nothing  but  distance ;  Faraday  sought  the 
seat  of  the  phenomena  in  real  actions  going  on  in  the 
medium,  they  were  satisfied  that  they  had  found  it  in  a 
power  of  action  at  a  distance  impressed  on  the  electric 
fluids."*  Prior  to  Faraday  the  supporters  of  a  medium  tf) 
explain  electric  and  magnetic  action  were  always  thrown 
out  of  court  for  lack  of  evidence ;  Faraday  gave  them  a 
legal  standing  bj-  furnishing  the  facts  and  evidence  on 
which  thev  could  well  afford  to  base  their  case. 

The  corpuscular  theory  of  light,  which  had  shown  such 
remarkable  vitality,  was  now  in  the  last  stages  of  a  fatal 
disease,  due  to  indigestion  and  lack  of  assimilation. 
Foucault  fini-shed  it  off  iu  1865  with  his  crucical  experiment 
to  decide  upon  the  relative  velocity  of  light  in  the  air  and 
water.  The  undulatorj'  theory  was  thus  fully  established, 
and  the  doctrine  of  radiant  energy  in  general  began  to  be 
clearly  apprehended.  The  grand  generalization  of  the  con- 
servation of  energ}^  was  looming  up  all  along  the  horizon  of  ■ 
science,  as  the  towers  and  spires  of  a  great  city  appear  to 
rise  out  of  the  sea  to  a  traveller  approaching  the  land. 
Victory  was  ready  to  perch  on  the  banners  of  an  army  con- 
tending for  the  ether  doctrine — not  a  decimated  armv,  but 
one  constantly  augmenting  in  numbers  by  deserters  from 
the  enemy.  At  this  period,  sixteen  years'  ago,  appeared  the 
epoch-making  book  of  Maxwell  on  Electricity  and  Magnetism. 
Its  author  professes  only  to  translate  Faraday's  ideas 
into  mathematical  language;  but  he  did  vastly  more  than 
this.  He  demonstrated  mathematically  that  the  properties 
of  the  medium  required  to  transmit  electro-magnetic  action 
are  identical  with  those  of  luminiferous  ether.  It  would  be 
unphilosophical,  he  remarks,  to  fill  all  space  with  a  new 
medium  whenever  any  new  phenomenon  is  to  explained; 
and  since  two  branches  of  science  had  independently  sug- 
gested a  medium  requiring  the  same  properties  to  account 
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for  the  same  phenomena  in  each,  the  evidence  for  the  exist- 
ence of  a  single  medium  for  both  kinds  of  physical  phe- 
nomena was  thereby  greatly  strengthened.  The  step  from 
identity  of  the  medium  to  identity  of  phenomena,  that  is, 
that  light  itself  is  an  electro-magnetic  phenomenon,  though 
it  may  now  seem  to  be  a  short  one,  must  nevertheless,  upon 
careful  consideration,  always  be  accepted  as  evidence  of  the 
greatest  genius.  To  walk  in  Maxwell's  footsteps  now  and 
take  the  very  steps  he  took  is  one  thitig,  and  a  comparatively 
easy  one;  but  to  make  original  explorations  into  unknown 
regions  of  nature,  and  to  tread  where  no  human  being  has 
ever  before  set  foot,  is  quite  another  thing.  The  electro- 
magnetic theory  of  light  must  be  regarded  as  a  great  gener- 
alization, inferior  only  to  that  greatest  one  of  all  time — the 
conservation  of  energy. 

The  principal  criteria  upon  which  Maxwell  relied  for  the 
confirmation  of  his  theory  may  be  briefly  enumerated: 

(i)  An  electro-magnetic  wave  or  undulation  is  propa- 
gated through  the  ether  with  a  velocity  equal  to  the  ratio 
of  the  electro-magnetic  to  the  electro-static  unit  of  quantity. 
If  light  is  an  electro-magnetic  phenomenon,  its  velocity  must 
also  be  equal  to  this  same  ratio.  The  very  close  approxima- 
tion of  the  one  to  the  other,  as  determined  by  a  variety  of 
methods,  has  been  known  for  some  time. 

(2)  The  specific  inductive  capacity,  K,  of  any  transparent 
dielectric  should  equal  the  square  of  its  index  of  refraction. 
The  discrepancies  at  this  point  are  so  great  that  all  one  can 
say  in  the  most  favorable  case  is  that  K  is  the  most  import- 
ant term  in  the  expression  for  the  refractive  index,  while  in 
other  cases  no  confirmation  whatever  can  be  drawn  from 
this  class  of  evidence. 

(3)  The  magnetic  and  electric  disturbances  are  both  at 
right  angles  to  the  direction  of  propagation  of  the  wave  and 
at  right  angles  to  each  other.  The  mathematical  form  of 
the  disturbance  agrees  with  that  which  constitutes  light  in 
being  transverse  to  the  direction  of  propagation.  Further, 
the  electric  disturbance  should  be  perpendicular  to  the  plane 
of  polarization  of  plane-polerized  light. 

(4)  In  non-cohdu^tors  the  disturbance  should  consist  of 


Nov.,  i88g.]  Theories  of  Electrical  Action.  385 

electric  displacements,  but  in  conductors  it  should  give  rise 
both  to  electric  displacements  and  electric  currents  by  which 
the  undulations  are  absorbed  hy  the  medium.  Most  trans- 
parent bodies,  it  is  true,  are  good  insulators,  and  all  good 
conductors  are  opaque.  The  degree  of  opacity  is,  however, 
far  from  being  proportional  to  the  conductivity. 

(5)  But  perhaps  the  rhost  important  criterion  of  all  is  the 
one  relating  to  the  very  existence  itself  of  a  medium.  Such 
a  test  lies  in  the  time  element  involved  in  transmission 
from  point  to  point.  Since  energy  is  transmitted  from 
a  luminous  body,  as  the  source,  to  another  body,  which 
may  absorb  it,  then  plainly,  if  time  is  required  for  the  trans- 
mission, the  energy  must  reside  in  the  medium  by  which 
the  transmission  is  effected  during  the  interval  between  the 
emisrion  and  the  absorption.  In  the  emission  theory  the 
light  corpuscles  are  the  receptacles  of  the  energy  and  carry 
it  with  them  in  their  flight.  According  to  the  undulatory 
theory,  the  medium  filling  all  space  is  the  receptacle  of  the 
energy,  and  passes  it  along  from  point  to  point  by  the  action 
of  contiguous  parts. 

Foucaulfs  experimentum  criicis  proved  the  emission  theory 
untenable.  Roemer"s  observation  of  the  retardation  of  the 
eclipses  of  Jupiter's  satellites,  when  the  earth  is  moving 
away  from  Jupiter,  is,  therefore,  a  confirmation  of  the 
undulatory  theory  of  light  and,  in  consequence,  a  demon- 
stration of  the  existence  of  the  luminiferous  ether. 

At  this  point  the  history  of  the  nature  of  electrical  action 
touches  upon  the  third  period. 

The  period  upon  which  we -have  just  entered  may  not 
inappropriately  be  called  the  period  of  confirmation.  Noth- 
ing further  appears  to  be  necessary  for  the  complete  demon- 
stration and  establishment  of  the  electro-magnetic  theory 
of  light.  The  noteworth}'  experiments  of  Professor  Hertz, 
of  Carlsruhe,  are  known  to  all.  Rightly  conceiving  that  the 
reality  of  electro-magnetic  waves  would  be  best  established 
by  the  same  experiments  which  would  also  establish  the 
fundamental  identity  of  such  undulations  with  those  of 
light,  he  had  recourse  to  the  principle  of  resonance  or  sym- 
pathetic vibrations  for  the  detection  of  these  long-period 
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waves.  By  a  .device  no  less  remarkable  for  its  simplicity 
than  its  effectiveness  he  produced  electrical  oscillations  of 
such  rapidity  that  the  waves  in  the  surrounding  region  were 
short  enough  to  be  measured.  This  he  accomplished  by 
attaching  to  the  secondary  terminals  of  an  induction  coil 
two  rectangular  sheets  of  metal,  each  supplied  with  a  short, 
stout  wire  ending  in  a  small  ball.  The  balls  were  brought 
near  each  other  and  the  discharges  of  the  coil  took  place 
between  them.  Under  these  conditions  the  discharge  is 
oscillatory,  and  the  period  may  be  calculated  by  the  formula 
of  Sir  Wm.  Thomson,  published  in  1853.* 

The  receiving  apparatus  is  also  of  the  simplest  design, 
consisting  ordinarily  of  a  circle  of  wire,  interrupted  at  a 
point  with  an  adjustable  opening,  and  of  such  dimensions 
that  the  waves  passing  through  the  circle  may  set  up  elec- 
trical oscillations  in  it,  synchronizing  with  those  of  the 
transmitting  apparatus.  The  passage  of  sparks  across  the 
narrow  opening  of  the  circle  indicates  an  electrical  flow  ;  and 
the  necessity  of  adjusting  the  size  of  the  circle  in  order  to 
.obtain  this  flow  proves  that  the  forces  acting  are  periodic. 
The  receiving  apparatus  must  in  fact  be  tuned  so  that  the 
period  of  an  electrical  oscillation  in  it  shall  correspond  with 
the  external  impulses  absorbed.  The  intensity  of  the 
electric  and  magnetic  disturbances  is  indicated  by  the  rela- 
tive length  of  sparks  obtainable. 

Equipped  with  this  apparatus,  which  was  mstalled  in  a 
large  lecture  hall,  Hertz  found  not  only  that  his  tuned 
receiver  responded  to  the  impulses  of  the  transmitter  in  the 
precise  manner  pointed  out  by  theory,  but  that  the  sparks 
showed  a  series  of  maximum  and  minimum  values  recurring 
in  periodic  order  as  the  receiver  was  carried  further  away 
from  the  source  of  the  disturbances.  The  astounding  fact 
was  thus  brought  out  that  these  electro-magnetic  waves 
were  reflected  from  the  thick  wall  of  the  room,  and  that  the 
combination  of  the  direct  and  reflected  systems  produced 
stationary  waves  with  loops  and  nodes  that  could  be  traced 
out  by  the  responsive  circle  of  wire.     In  this  manner  wave 
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lengths  were  measured  down  to  sixty  cms.,  and  the  time 
element  was  experimentally  detected  in  the  propagation  of 
electro-staiic  and  electro-dynamic  induction.  It  was  demon- 
strated that  the  disturbances  producing  the  waves  are  at 
right  angles  to  direction  of  propagation,  as  Maxwell  pre- 
dicted, and  as  interference  phenomena-show  them  to  be  in 
light.  Hertz  has  also  found  an  electro-dynamic  shadow  cast 
by  an  iron  post ;  he  has  verified  the  laws  of  reflection  from 
plane  and  concave  metallic  reflectors,  and  has  shown  that 
electric  waves  suft'er  polarization  and  refraction  in  a  manner 
exactly  analogous  to  light.  Professor  Fitzgerald,  of  Dublin, 
has  added  another  confirmation  of  Maxwell's  doctrine, 
demonstrating  that  the  electric  disturbance  is  perpendicular 
to  the  plane  of  polarization,  as  Maxwell's  equations  require. 
Finally,  the  velocity  of  propagation  of  these  electro-dynamic 
waves  is  found  to  be  the  same  as  the  velocity  of  light.  Thus 
not  only  have  all  of  Maxwell's  criteria,  except  the  second, 
abundantly  confirmed  the  judgment  of  the  great  physicist, 
but  other  proofs  have  been  added.  Electro-magnetic  waves 
are  therefore  not  merely  like  light,  but  they  are  light.  Or 
perhaps,  to  speak  more  exactly,  all  radiant  energy  is  trans- 
mitted as  electro-magnetic  waves  in  the  luminiferous  ether. 
Electricity  has  thus  annexed  the  entire  domain  of  light  and 
radiant  heat ;  and,  as  Professor  Lodge  says,  "  has  become  a 
truly  imperial  realm."  The  difference  of  wave  length  in  the 
three  classes  of  phenomena  is  not  a  fundamental  one. 
Increase  the  rate  of  the  electrical  oscillations  a  million-fold 
in  Hertz's  experiments,  and  the  waves  would  not  merely 
resemble  light — they  would  be  light.  A  wire  through  which 
such  oscillations  are  surging  back  and  forth  would  glow  with 
light.  Even  the  long  heat  waves  would  be  absent,  and  only 
those  producing  the  sensations  of  light  and  color  would 
remain. 

It  will  be  observed  that  the  oscillations  of  an  electric 
discharge  constitute  the  point  of  departure  for  the  admir- 
able researches  of  Hertz  ;  and  it  is  a  matter  in  which  we 
may  modestly  take  a  bit  of  national  pride  that  the  first  case 
of  electric  oscillations  was  discovered  by  an  American 
physicist.     The  oscillatory  character  of  the  Leyden  jar  dis- 
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charge  was  demonstrated  by  Joseph  Henry,  in  1832,  by 
means  of  the  magnetic  effects  produced  in  small  steel 
needles.  It  was  not  until  twenty-one  years  later  that  Sir 
Wm.  Thomson  published  the  complete  mathematical  theory 
of  such  oscillations.  They  have  since  been  observed  directly 
by  means  of  a  rotating  mirror.  Dr.  Oliver  Lodge  has  lately 
shown  that  they  rotate  the  plane  of  polarization  of  light  in 
one  direction  and  then  in  the  other  as  they  surge  back  and 
forth.  He  has  also  reduced  the  number  of  oscillations  from 
several  millions  per  second  to  a  few  hundred  by  increasing 
■  the  capacity  and  the  self-induction.  The  discharge  then 
vibrates  within  the  limits  of  audibility  and  produces  a 
musical  note. 

The  well-known  experiment  of  Henry,  in  which  he 
observed  an  induction  current  in  a  wire  stretched  parallel 
to  and  distant  thirty  feet  from  one  which  served  to  dis- 
charge a  Leyden  jar,  is  now  seen  to  have  been  a  case  of 
resonance ;  that  is,  the  absorption  of  electric  waves  by  a 
conductor,  producing  currents  therein.  And  it  is  an  evi- 
dence of  the  great  genius  of  Henry  that  he  saw,  somewhat 
dimly  it  may  be,  but  still  with  a  certain  degree  of  rational 
apprehension,  that  the  induction  was  transmitted  across  the 
intervening  space  with  a  velocity  comparable  only  to  that 
of  light.  He  had  perchance  the  divine  touch  of  genius 
necessary  for  the  great  discovery  of  electro-magnetic  waves 
coiirsing  through  the  ether ;  but  the  way  leading  to  this 
important  physical  fact  had  not  then  been  sufficiently  pre- 
pared, and  its  discovery  was  impossible. 

Waves,  similar  to  those  from  a  Leyden  jar  discharge,  but 
of  longer  period,  are  sent  out  from  a  wire  conveying  alter- 
nating currents.  We  must  conceive  of  such  a  wire  not 
simply  as  affected  internally  or  even  superficially  by  the 
electric  energy  siirging  through  it,  but  as  the  source  from 
which  pulsate  outward  through  the  limitless  ether  great 
waves  of  electro-magnetic  disturbance.  For  300  complete 
alternations  per  second,  these  waves  are  a  million  metres, 
or  over  600  miles,  in  length.  They  present  a  marked  con- 
trast with  the  \vaves  corresponding  to  the  D  lines  of  the 
spectrum,  which  are  only  about  one  five-millionth  of  a 
millimietre  long. 
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These  long  waves  from  an  alternating  current  represent 
energy.  Through  space  it  is  conveyed  with  the  velocity  of 
light,  and  through  other  non-conductors  or  dielectrics  with 
a  smaller  velocity,  precisely  as  in  the  case  of  the  radiant 
energy  of  light  or  heat.  Henceforth  the  complete  equation 
for  the  distribution  of  energy  by  means  of  alternating  cur- 
rents must  include  a  term  to  express  the  radiation  from  the 
circuit.  It  may  indeed  be  found  that  this  term  represents 
no  inconsiderable  part  of  the  energy  communicated  to  the 
wire  in  the  case  of  very  rapid  alternations. 

Thus  we  see  that  the  ether  plays  a  magnificent  role  in 
what  may  be  called  its  dynamic  relation  to  electric  displace- 
ments. In  its  capacity  as  a  reservoir  of  static  or  potential 
energy  its  agency  has  been  better  understood  for  a  con- 
siderable period.  When  a  continuous  current  begins  to 
flow  through  a  closed  circuit,  a  single  wave  travels  out  from 
the  conductor;  and  during  its  progress,  while  the  current  is 
approaching  its  constant  value,  the  inclosing  ether  is  assum- 
ing its  condition  of  static  repose  under  stress.  The  whole 
ether,  extending  indefinitely  outward  from  the  conductor,  is 
profoundly  modified. 

We  know  how  to  map  out  the  circular  lines  of  force 
about  it  by  means  of  iron  filings ;  but  the  iron  serves  only 
to  show  what  has  already  taken  place  in  the  ether  before 
the  filings  are  brougfht  into  the  field.  Everv  little  iron 
particle- becomes  a  magnet,  with  all  the  north-seeking  poles 
stretching  in  one  direction  round  the  wire,  and  all  the 
south-seeking  poles  in  the  other.  What  the  mechanism  of 
the  stress,  or  the  motion  in  the  ether  to  produce  these 
effects,  may  be,  we  do  not  know ;  but  we  do  know  that  these 
lines  of  force  are  all  subject  to  a  tension  tending  to  shorten 
them,  and  that  they  are  mutually  repellent  laterally.  When 
a  current  is  sent  through  a  conductor,  the  ether  is  expanded 
in  concentric  cylindrical  layers  about  any  straight  portions 
of  the  circuit,  and  becomes  the  reservoir  of  potential  energy. 

As  soon  as  the  current,  which  maintains  this  state  of 
tension,  ceases  to  flow,  the  stretched  ether  collapses  upon 
the  conductor,  yielding  up  its  energy  in  the  form  of  self- 
induction.     If  a  steady  current  is  conceived  as  the  setting- 
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up  and  breaking-down  of  a  static  difference  of  potential 
energ5^  at  infinitesimal  intervals  of  time,  then  the  energy 
transmitted  may  depend  upon  a  similar  formation  and 
decay  of  the  static  stress  in  the  encompassing  ether.  The 
conductor  is  but  the  core  of  an  electro-magnetic  disturbance 
in  the  surrounding  medium ;  and  it  may  be  that  the  enor- 
mous energy  which  a  small  copper  wire  can  apparently 
convey  is  in  reality  transmitted  by  the  invisible  medium. 

From  this  brief  review  of  the  theory  of  electric  action  it 
will  be  quite  evident  that  henceforth  the  language  applied 
to  electrical  phenomena  must  always  include  the  luminif- 
erous  ether  as  a  prominent  term.  The  experiments  of  Hertz 
have  made  it  impossible  to  explain  electrical  facts  without 
taking  this  invisible  medium  into  account.  There  is  no  such 
thing  as  electric  or  magnetic  action  at  a  distance.  The 
ether  is  always  an  essential  part  of  that  complex  system, 
the  interactions  of  which  manifest  themselves  as  electric  or 
magnetic  phenomena. 

As  the  ear  responds  to  the  slow  oscillations  of  an  electric 
discharge  through  the  intermediate  agency  of  heat,  so  the 
eye  of  the  mind  responds  to  those  more  rapid  oscillations, 
the  existence  of  which  has  been  demonstrated  by  experi- 
ment. No  less  clearly  does  the  magnetic  field  appear  as  a 
system  of  lines  of  stress  in  the  ambient  ether.  Definiteness 
has  taken  the  place  of  the  metaphysical  speculations  of 
earlier  times.  Complete  ignorance  has,  at  least,  been  super- 
seded by  half  knowledge.  We  may  not  yet  affirm  with 
Edlund  that  the  ether  is  electricity,  but  we  are  doubtless 
nearer  a  solution  of  this  old  problem  than  ever  before. 
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{Stated  Meeting,  held  at  the  INSTITUTE,  Tuesday.   Ocotber   15, 

i88g:\ 

Hall  of  the  Franklin  Institute, 

Philadelphia,  October  15,  18S9. 
Mr.  T.  C.  Palmer,  Vice-President,  in  the  Chair. 

Members  present:  Dr.  L.  B.  Hall,  Dr.  Wm.  H.  Wahl.  Prof.  N.  Wiley 
Thomas,  Mr.  W.  W.  McFarlane,  Mr.  C.  J.  Semper,  Mr.  Lee  K.  Frankel,  Mr. 
Reuben  Haines,  Mr.  A  VVeikel,  Mr.  J.  H.  Eastvvick,  Mr.  F.  C.  Lewin  and 
a  number  of  visitors. 

The  following  gentlemen  were  nominated  for  membership  in  the  Section  : 
Mr.  Geo.  L.  Norris,  Pencoyd,  Pa.;  Mr.  Hugh  A.  Gait,  ion  Spruce  Street, 
Philadelphia;  Mr.  Lucius  E.  Williams,  Swarthmore  College,  Swarlhmore, 
Pa.;  Mr.  Hermann  Schanche,  Gray's   Ferry  Chemical  Works,    Philadelphia. 

Dr.  Wahl  made  some  remarks  on  the  industrial  production  of  aluminium 
by  electrolysis,  supplementing  his  comments  of  last  meeting.  He  referred  to 
the  process  of  M.  Adolphe  Minet,  in  operation  industrially  at  Creil  (Oise), 
France,  and  which  in  essential  parts  was  identical  with  that  of  Mr.  Hall. 
Mr.  Minet  electrolyzes  a  bath  composed  of  f^rty  per  cent,  of  cryolite  and 
si.\ty  per  cent,  of  chloride  of  sodium,  maintained  in  the  state  of  igneous 
fusion.  The  bath  is  continually  regenerated  by  additions  of  alumina  (or 
bau.\ite).  The  interesting  point  in  considering  the  two  processes,  the  speaker 
stated,  was  the  different  explanations  of  the  operations  taking  place  in  the 
bath  under  the  action  of  the  electric  current  upon  substantially  the  same  com- 
ponents ;  Hall  claiming  that  the  alumina  undergoes  electrolysis,  the  solvent 
fluorides  being  unaffected,  and  Minet  that  the  fluorides  are  electrolyzed,  the 
liberated  fluorine  acting  upon  the  alumina,  to  form  fresh  fluoride,  thus  main- 
taining the  bath,  the  explanation  of  M.  Minet,  the  speaker  held,  to  be  the 
rational  one.     Adjourned.  Wm.  C.  Day,  Secretary. 
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NOTES  AND  COMMENTS. 


ENGINEERING. 
Bridging  the  English  Channel. — One  of  the  papers  read  before  the 
meeting  of  the  Iron  and  Steel  Institute,  at  its  recent  meeting  in  Paris,  was 
fowarded  by  M.  Schneider,  of  Creiizot,  and  M.  Hersent,  ex-President  of  ihe 
French  Civil  Engineers'  Society,  on  the  Channel  Bridge,  and  gave  an  elabo- 
rate account  of  the  scheme.  The  route  chosen  as  the  line,  stretching  over 
the  shallowest  parts  of  the  Channel  and  connecting  the  shores  where  closest 
to  each  other,  commences  at  a  point  near  Cape  Gris  Nez,  passes  over  the 
Colbert  and  Varne  banks,  and  terminates  near  Folkestone.  The  Colbart 
and  Varne  banks  are  situated  near  the  centre  of  the  Channel,  about  six  kilo- 
metres (372  miles)  apart,  the  depth  of  the  water  at  that  point  not  exceeding 
seven  or  eight  metres  (twenty-three  to  twenty-six  feet)  at  low  water,  and  are 
separated  from  each  other  by  a  depression  about  twenty-five  metres  to  twenty- 
seven  metres  deep.  Between  the  Varne  and  the  British  coast  the  depth  does 
not  exceed  twenty-nine  metres,  but  near  Colbart  the  bottom  sinks  somewhat 
abruptly  down  to  forty  metres.  It  then  attains  fifty-five  metres  (180  feet) 
about  midway  across,  when  it  begins  gradually  to  rise.  In  these  parts  the 
chief  difficulties  would  be  encountered  inlaying  the  foundations.  The  result 
of  repeated  experiments  is  that  the  ground  is  found  to  be  sufficiently  solid  to 
support  very  extensive  works,  and  the  borings  lately  made  in  connection  with 
the  proposed  tunnel  have  confirmed  preceding  experiments  as  to  the  position 
and  nature  of  the  bottom  as  published  by  M.  de  Gamond.  More  precise 
inquiries  will  be  necessary,  when  the  works  are  proceeded  with,  as  regards 
each  pier,  in  order  to  be  in  a  position  to  solve  each  detail  beforehand.  The 
metal  to  be  used  is  steel.  The  extensive  use  of  it  made  lately,  both  in 
France  and  abroad,  notably  in  the  Forth  Bridge,  removes  every  doubt  as  to 
the  feasibility  of  dispensing  with  about  fifty  per  cent,  in  weight  by  the  use  of 
steel,  while  insuring  the  same  degree  of  safety.  The  amount  of  metal  and 
machinery  to  be  provided  would  represent  an  aggregate  weight  of  about 
1,000,000  tons,  the  assumption  being  that  each  country  will  have  to  supply 
one-half  of  this  amount.  A  powerful  impulse  would,  for  a  long  period,  be 
given  to  national  industry.  The  many  improvements  made  in  the  arf  of 
bridge  building  warrant  every  hope  of  success  in  an  attempt  to  turn  out 
spans  of  metal  500  metres  (1,640  feet*)  in  length  across  the  Channel,  sup- 
ported by  columns  resting  at  different  depths  on  the  bottom  of  the  sea.  A 
rough  calculation  gives,  with  reasonable  certainty,  38o,ooo,ooof.  for  masonry 
supports,  and  480,000, ooof  for  the  metallic  superstructure — in  all,  88o,ooo,ooof. 
or  ^34,400,000  (5170,000,000).  The  works  for  the  tunnel  and  the  railways  of 
both  countries  would  have  to  be  planned  later  on,  in  agreement  with  the  com- 
panies whose  lines  would  lead  up  to  the  bridge.  The  time  required  for  the 
undertaking   may  be  fixed  at    about  ten  years.     The   whole  of  the  pillars 

•  The  spans  of  ihe  Forlh  BrMge  arc  1,700  leet. 
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will  occupy  a  little  over  one  twelfth  of  the  section  of  the  Channel.  This 
reduction  of  the  section  of  the  Channel  is  not  likely  to  exercise  a  notable 
influence  on  the  erosion  of  the  bottom,  or  to  bring  about  an  appreciable 
increase  of  the  speed  of  the  flood  and  ebb  tides.  The  distance  between  the 
piers,  fi.\ed  at  500  and  300  metres  for  the  large  spans,  will  not  be  less  than 
200  and  lOD  metres  respectively  for  the  small  ones,  and  will  be  sufii:ient  to 
prevent  their  proving  an  obstacle  to  the  free  navigation  of  sailing  vessels. 
As  regards  steamships,  no  such  danger  is  to  be  apprehended,  as  the  current, 
which  would  become  a  little  faster  in  the  centre  of  the  open  spans,  would 
carry  floating  bodies,  even  disabled  vessels,  towards  that  part,  and  prevent 
their  ever  touching  the  bridge.  Owing  to  these  distances  and  dimensions, 
the  piers  would,  in  no  way,  modify  the  conditions  of  navigation  in  the  Chan- 
nel, and  would  not  constitute  an  appreciable  obstacle  to  navigation  in 
general. 

As  for  the  metallic  superstructure,  the  metal  columns  firmly  placed  upon 
the  platforms  of  the  supporting  piers  of  masonry  are  of  a  distinctly  cylindrical 
shape,  and  vary  in  height  between  40  and  4278  metres,  and  on  them  will  be 
placed  the  main  girders  of  the  bridge.  There  will  thus  be  between  the  lower 
part  of  the  beams  and  the  level  of  the  sea  at  low  water  a  free  space,  varying 
in  height  between  61  and  6378  metres,  which  height  at  high  water  will  be 
reduced  to  54  and  5678  metres  respectively  (177  feet).  This  height  is  amply 
sufficient  for  the  passage  of  vessels  of  whatsoever  description  or  tonnage. 
By  placing  the  flooring  upon  vertical  cylindrical  columns  the  minimum  height 
of  54  metres  is  kept  throughout  the  whole  widih  of  the  span,  a  result  not 
achieved  in  the  bridge  over  the  Korth.  The  girders  are  to  be  simple,  unlat- 
ticed,  and  trussed,  so  as  to  insure  the  proper  distribution  of  all  stresses.  The 
level  of  the  permanent  way  is  72  metres  abote  the  low-water  level.  The 
height  might  have  been  reduced  by  arranging  the  permanent  way  in  the 
lower  portion  of  the  bridge,  but  in  that  case  it  would  have  been  necessary  to 
make  the  cross  beams  a  great  deal  larger  and  consequently  heavier.  By 
ra  sing  the  permanent  way,  on  the  contrary,  a  marked  economy  is  attainable 
which  will  certainly  not  be  absorbed  by  increased  expenses  involved  by  the 
necessity  of  erecting  viaducts  at  both  ends  of  the  bridge.  There  will  be  a 
double  set  of  rails,  and  the  width  of  the  flooring  proper  will  be  eight  metres. 
The  width  of  the  bridge  is  variable,  the  greatest  distance  being  between  the 
axes  of  the  main  girders,  twenty-five  metres,  a  space  necessary  to  insure  the 
stability  of  the  structure  under  the  action  of  violent  gusts  of  wind.  The 
roadways  are  of  the  ordinary  width  of  fifteen  metres  between  the  axes  and 
the  rails,  the  latter  set  in  grooves  lo  obviate  accidents  The  floor,  made  of 
ribbed  sheet-iron,  is  to  cover  the  bridge  throughout  its  length,  so  as  to  make 
every  part  accessible  to  the  men  appointed  for  its  supervision.  Between  and 
outside  of  the  roadways  pavements  are  provided  for  the  men  to  stand  on, 
and  thus  keep  out  of  the  way  of  passing  trains.  On  the  flooring  may  be  set 
up  refuges,  stations  for  the  guarcs,  signal  boxes,  switches,  etc  All  these 
arrangements  can  be  multiplied  according  to  the  requirements  of  the  traffic, 
and  scattered  over  any  convenient  points  and  spans  of  the  piers.  Light- 
houses may  be  erected  to  indicate  obstacles  to  be  avoided.     The  various 
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kinds  of  lifihts  used  in  liCThthoiises  may  also  serve  to  indicate  to  shippers  the 
distance  from  the  Colbart  and  Varne  banks.  It  would  have  been  easy  to 
establish  a  bridge  with  four  lines  of  rails,  instead  of  two,  but  the  probable 
development  of  the  traffic  did  not  appear  to  warrant  any  increase  of  outlay 
in  that  direction.  A  road  for  ordinary  vehicles  is  also  superfluous,  as  [joods 
will  always  be  carried  by  rail.  To  meet  objections  f>-om  a  militaVy  point  of 
view,  arrangements  could  be  made  for  making  the  span  at  either  end  of  the 
bridge  unfit  for  use ;  the  two  end  spans,  notably,  which  are  in  contact  with 
the  abutments,  might  be  removable  or  revolve.  The  paper  proceeded  to  give 
a  minute  account  of  the  mode  of  construction,  and  was  accompanied  by  plans. 
The  total  length  at  this  site  would  be  nearly  twenty-five  miles.         L.  M.  H. 


CHEMISTRY. 
On  the  Behavior  of  Wood  and  Cellulose  under  I.vcreased  Pres- 
sure and  AT  Elevated  Ti-;mperatures  in  the  Presence  of  Water. — 
The  mcreasing  use  of  pure  cellulose  from  wood  in  the  manufacture  ol  paper, 
has  made  it  desirable  to  ascertain  how  wood  withstands  higher  temperatures 
and  increased  pressure,  (l)  in  the  presence  of  water,  (2)  of  dilute  acids,  (3) 
of  soda  solution  and  (4)  of  acid  sulphate  of  potassium.  And  of  equal  import- 
ance was  it  to  ascertain  how  pure  cellulose  stood  the  same  conditions,  so  as  to 
gain  some  information  with  regard  to  the  decomposition  products  of  the  so- 
called  incrusting  substances.  H.  Tauss  has  carried  out  a  series  of  tests  upon 
pUre  Swedish  filler-paper  on  the  one  hand  and  upon  fine  shavings  of  beech- 
wood  and  fir-wood  on  the  other  hand.  His  results  were  as  follows :  Cellulose 
paper,  even  of  the  purest  variety,  gives,  on  boiling  with  distilled  water  under 
ordinary  atmospheric  pressure,  traces  of  sugar.  Under  increased  pressure, 
the  amount  of  sugar  in  solution  increases,  but  only  at  twenty  atmospheres' 
pressure  is  the  cellulose  completely  hydrolyzed  and  changed  into  hydro- 
cellulose,  C,;H».,Oii.  A  red  coloration  of  the  paper  with  phloroglucin  and 
hydrochloric  acid,  the  author  considers  to  be  due  to  sugar  and  to  be  no  indi- 
cation of  the  presence  of  incrusting  substances.  Wood  yields,  when  boiled 
with  distilled  water  in  open  vessels,  considerable  quantities  of  soluble 
matters.  The  solvent  power  of  water  increases  notably  with  increasing 
pressure,  and  reaches  its  maximum  at  five  atmospheres  pressure.  Above 
five  aimospheres  it  diminishes  again.  Under  the  most  favorable  conditions, 
2675  P^''  cent,  was  extracted  from  the  beech-wood  and  1917  per  cent.<from 
the  fir-wood.  Of  these  amounts,  1119  per  cent,  in  the  first  case  and  907 
per  cent,  in  the  second  case  was  saccharine  material.  Besides  the  sugar,  the 
extracts  contain  dextrine-like  constituents,  precipitable  by  alcohol.  From  all 
the  extracts  of  the  wood,  ether  withdraws  brownish  products  of  decomposi- 
tion, which  give  beautiful  color  reactions  with  phenols  and  hydrochloric 
acid.  Neither  aqueous  nor  ethereal  liquids,  nor  the  residues  from  them, 
show  any  vanillin  odor  or  reaction  for  vanillin.  On  the  contrary,  these  color 
reactions  all  recall  Ihl's  reaction  with  phenols  and  hydrochloric. acid,  which 
is  obtained  with  the  'decomposition  products  of  the  carbohydrates.  The 
author  therefore  concludes  that  they  do  not  indicate  the  existence  of  vanillin 
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or  coniferin  in  the  wood-incrustins  matters,  hut  rather  indicate  the  change  of 
■woody  tissue  into  carbohydrates  and  their  decomposition  products. —  Dingier 
Polylc-ch.  Jour.,  iSSg,  273-276.  S.  P.  S. 

Rf.cf.nt  Information  as  to  the  Failure  of  the  Baku  Petroi-eum 
Deposit. — Early  in  this  year  statements  appeared  in  the  papers  as  to  the 
gradual  failing  of  the  Baku  oil  wells.  These  have  been  confirmed  as  a 
result  of  the  careful  exploration  of  the  Baku  district  by  A.  M.  Koujchin,  a 
mining  engineer,  sent  by  the  Russian  government.  He  stales  that  the 
Balachone-Sabuntschi  naphtha  occurrence  forms  a  definite  basin,  with  well- 
defined  boundaries,  covering  a  surface  of  about  fifteen  square  kilometres. 
Its  boundaries  to  the  south  and  east  are  the  lines  of  the  out-cropping  of  the 
Aral-Caspian  limestone,  to  the  west  the  mud  volcano  Bog-Bogaand  its  spurs, 
and  to  the  north  the  naphtha-containing  sediments  are  interrupted  at  the 
farms  of  the  village  Zibrat.  An  overstepping  of  this  naphtha  zone  has 
proven  futile.  The  Nobel  Company,  who  bored  to  the  north  by  Lake  Zabrat, 
experienced  absolute  failure  only.  Other  firms  who  bored  on  the  western 
border  of  the  Balarhani  district,  on  the  southerly  slopes  of  Bog-Boga,  met 
the  same  negative  results.  A  boring  beyond  the  southerly  or  eastern  border 
is  also  totally  without  promise,  as  the  naphtha-containing  sediments  here 
would  be  overlaid  by  such  a  thick  covering  of  limestone  as  to  make  a  pene- 
tration iiTipossible.     So  the  territory  is  perfectly  defined. 

Just  as  the  Balachone-Sabuntschi  naphtha  zone  has  a  well-defined  super- 
ficial area,  so  it  is  found  to  have  a  definite  depth,  which  has  been  settled  by 
the  borings  of  1888-89  to  be  for  Balachone,  200  to  300  metres  ;  for  Sabunt- 
schi,  300  to  400  metres,  and  for  Romanow,  400  to  6do  metres.  Below  this 
depth,  one  strikes  a  rock  which  is  destitute  of  light  naphtha.  The  important 
question,  then,  is  wh?it  quantity  of  naphtha  has  nature  accumulated  in  this 
Balachone-Sabuntschi-Romanow  basin  ?  The  solution  of  this  question 
carries  with  it  the  decision  as  to  when  the  naphtha  of  Baku  will  be  exhausted. 
The  Engineer  Kouschin,  on  the  occasion  of  conference  with  the  producers 
at  Baku,  estimated  that  the  original  quantity  held  in  this  basin  was  four  and 
a  half  milliards  of  poods  (one  pood  =164  kilograms).  Reckoning  the  output 
to  date  as  one  milliard  poods,  there  is  left  three  and  a  half  milliard  poods.  This, 
Kouschin  considers,  will  last  seventeen  and  a  half  years,  with  an  annual 
production  of  200,000,000  poods.  In  case  the  annual  production  is  pushed,  it 
will  come  to  an  end  in  correspondingly  shorter  time.  The  project  of  a 
naphtha  pipe-line  he  considers  to  be  entirely  impracticable,  as  the  returns 
for  Seventeen  years  would  not  be  sufficient  to  cover  the  cost. 

The  failure  of  the  wells  at  Balachone,  where  the  deposits  lie  nearest  the 
surface,  and  where  the  strongest  oil  fountains  were  found,  and  the  absence 
of  strong  pressure  at  Sabuntschi,  where  the  production  is  now  centred,  has 
produced  a  crisis  in  the  Baku  refining  industries  and  the  price  of  crude 
naphtha  has  risen  to  five  kopecs  per  pood,  the  highest  price  for  years.  At 
the  same  time,  the  price  of  the  stock  of  the  Nobel  Company  has  fallen  in 
the  St.  Petersburg  Stock  Exchange.  S.  P.  S. 

Correspondnnce  of  the  Chemiker  Zcitung,  Sept.  4,  iSSg. 


h 
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On  the  Physiolooy  of  Tannin.  From  a  monograph,  G'r««(//;«jV«  r» 
einer  Physiohgie  des  Gerbstnffs,  von  Gregor  Kraus.  Leipzig,  1889.  See  also 
fournal  of  the  Cliemical  Society  for  Septem'ier,  iBSy. — The  author  describes 
twenty-one  series  of  experiments,  which  comprise  some  hundreds  of  tannin 
determinations. 

These  inchide  the  estimation  of  the  amount  of  tannin  in  leaves  under  the 
various  conditions  of  light,  shade  and  darkness,  which  lead  the  author  to 
conclude  that  light  and  carbon  dioxide  are  essential  agents  in  the  formation 
of  tannin  in  leaves. 

The  outer  leaves  of  a  plant,  exposed  to  direct  sunlight,  contain  more 
tannin  than  the  inner  leaves. 

Leaves  which  are  not  green  are  not  capable  of  producing  tannin. 

It  must  not  be  assumed  that  tannin  is  a  product  of  the  assimilation  of 
chlorophyll  grains,  as  there  are  innumerable  leaves  which  assimilate  tannin 
without  producing  tannin ;  the  oak,  willow  and  alder  assimilate  in  dull 
weather  without  increasing  in  tannin.  * 

The  tannin  produced  in  the  leaves  passes  into  the  branches  and  roots, 
and  there  is  no  experimental  evidence  that  the  tannin  which  has  once  passed 
into  the  rhizome  undergoes  further  change;  there  is  rather  an  increase  in 
the  amount  of  tannin  in  the  rhizome  through  a  production  in  the  dark. 

The  author  is  inclined  to  believe  the  use  of  tannin  to  leaves  is  to  protect 
them,  either  from  being  eaten,  or  to  prevent  rotting,  etc. 

Fallen  leaves  contain  as  much  tannin  as  they  did  during  their  best  time 
ofgrowth,  indicating  that  the  leaf  tannin  is  of  no  value  to  the  plant.  Dur- 
ing the  germination,  in  the  dark,  of  seeds  containing  tannin  (as  oak  and 
horse-chestnut)  there  is  no  diminution,  but  an  increase  in  the  amount  of 
tannin.  There  is  not  yet  sufficient  evidence  to  show  whether  tannin  is  pro- 
duced from  non  nitrogenous  substances,  or  whether  it  is  formed  in  the  con- 
version of  nitrogenous  compounds  into  albuminoids.  It  seems  probable 
that  aromatic  compounds  may  be  formed  in  the  production  of  albumen,  some 
of  which  are  used  in  the  building  up  of  albumen  molecules,  while  others 
yield  tannin.  H.  T. 

On  the  Determination  of  the  Boiling  Point  of  Ozone  and  the 
Freezing  Point  of  Ethylene.  By  K.  Olszewski  {Ann.  Pliys.  Cliim., 
2,  37,  337,  through  y<7«r.  Chcni.  Soc,  r>(>,  821). — Hautefeuille  and  Chappuis 
have  shown  that  ozonized  oxygen  solidities  to  a  dark  blue  liquid  at  a  pre'isure 
of  125  atmospheres,  and  at  the  temperature  at  which  ethylene  evaporates  under 
the  atmospheric  pressure,  namely,  — 102  5°  C,  the  ozone  remains  in  a  liquid 
state  after  the  pressure  has  been  reduced  to  that  of  the  atmosphere,  from  which 
it  follows  that  the  boiling  point  of  ozone  cannot  be  very  much  lower  than  that 
of  ethylene,  and,  therefore,  the  author  hoped  to  be  able  to  obtain  liquid  ozone 
by  injecting  ozonized  oxygen  into  a  vessel  cooled  to  — 150°  C.  at  the  oWinary 
atmospheric  pressure.  He  found,  however,  that  he  was  unable  to  do  this. 
The  vessel  was  cooled  down  to  —151°  C.  by  means  of  liquid  ethylene,  but  no 
ozone  was  liquefied,  being  evidently  prevented  from  doing  so  by  the  large 
quantity  of  oxygen  with  which  it  was  mixed,  the  boiling  point  of  oxygen 
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being  very  much  lower.  By  using  liquid  oxygen  at  the  atmospheric  pressure 
in  place  of  eth>lene,  the  temperature  was  reduced  to  — i8i4°,  and  the  ozone 
was  then  easily  obtained  in  the  form  of  a  dark- blue  liquid,  whilst  the  oxygen 
with  which  it  was  mixed  remained  uncondensed  and  was  allowed  to  escape 
by  an  opening  at  the  top  of  the  tube.  When  the  ozonized  oxygen  was 
injected  into  a  tube  thus  surrounded  by  liquid  oxygen  at  the  temperature  of 
l8i'4°,  a  drop  of  ozone  could  be  observed  in  the  course  of  a  few  minutes, 
and  if  the  influx  of  gas  was  then  stopped  and  the  oxygen  surrounding  the 
tube  allowed  to  evaporate,  the  ozone  remained  liquid  until  the  whole  of  the 
oxygen  had  evaporated.  It  was  necessary  in  performing  this  experiment  to 
cut  off  the  supply  of  ozonized  oxygen,  as  when  this  was  not  done  the  liquid 
ozone  was  swept  out  of  the  tube  by  the  stream  of  gas.  After  the  oxygen  had 
completely  evaporated,  the  temperature  of  the  tube  would  be  about  — 150°, 
namely,  that  of  the  liquid  ethylene  surrounding  the  tube  which  originally 
contained  the  liquid  oxygen. 

At  the  boiling  point  of  oxygen  the  ozone  remained  in  the  form  of  a  dark- 
blue  liquid,  which  was  transparent  in  thin  layers,  but  became  almost  opaque 

at  a  tinckness  of  2  mm. 

• 

In  order  to  determine  the  boiling  point  of  the  ozone,  the  tube  containmg 
it  was  removed  from  the  apparatus  and  placed  in  another  vessel  containing 
liquid  ethylene  at  a  temperature  of  — 140°.  The  ozone  was  found  to  remain 
liquid  until  the  ethylene  had  nearly  reached  its  boilin>;  point.  The  tempera- 
ture at  which  the  ozone  began  to  evaporate  was  observed  by  means  of  a  sul- 
phuious  acid  thermometer,  which  was  found  to  register  — 109°,  corresponding 
to'  — 106°  of  the  hydrogen  thermometer,  so  that  the  boiling  point  of  pure  ozone 
may  be  taken  as  — 106°. 

The  greatest  care  had  to  be  exercised  in  making  the  experiments  to  pre- 
vent ozone  from  coming  in  contact  with  the  ethylene,  which  would  cause  it  to 
explode.  In  one  of  the  experiments  a  drop  of  liquid  ozone,  just  below  its 
boiling  point,  exploded  in  this  w.iy,  and  the  explosion  was  so  violent  that  the 
triple  glass  walls  of  the  apparatus  were  blown  into  fine  dust. 

When  the  ozone  was  allowed  to  evaporate  it  changed  into  a  bluish  colored 
gas  which  retained  its  color  at  the  ordinary  temperature,  and  could  be  recon- 
densed  by  immersing  it  in  liquid  ethylene. 

In  a  former  paper,  the  author  has  described  his  attempts  to  freeze  ethy- 
lene by  allowing  it  to  evaporate  in  a  vacuum.  His  attempts,  however,  were 
unsuccessful,  the  ethylene  remaining  liquid  and  transparent  at  a  temperature 
of  — liiz",  and  a  pressure  of  between  one  and  two  millimetres  of  mercury. 

He  has  now  succeeded  in  solidifying  ethylene  by  enclosing  it  in  a  tube 
surrounded  by  liquid  oxygen,  itself  surrounded  by  liquid  ethylene,  as  in  the 
case  of  the  experiments  with  ozone.  The  ethylene  was  found  to  solidify  at 
about  the  boiling  point  of  oxygen  — i8i"4°,to  a  white,  crystalline,  semi-trans- 
parent mass. 

When  the  stopcock,  through  which  the  oxygen,  as  it  evaporated,  was 
allowed  to  escape,  was  closed  so  as  to  allow  the  pressure  and  the  tempera- 
ture of  the  oxygen  gradually  to  increase,  the  solid  eth)lene  became  liquid  at 
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a  pressure  of  34  atmospheres,  at  which,  according  to  the  author's  former 
research,  the  temperature  of  the  hquid  oxygen  would  be  — 169°,  which  may, 
therefore,  be  taken  as  the  melting  point  of  sohd  ethylene.  W.  H.  G. 
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Thekmodvnamics  of  thf.  SteamEnginf.  and  other  HeatEnginf.s. 
liy  I'lof.  Cecil  H.  Pcabody.  New  York:  John  Wiley  &  Sons.  18S9. 
pp.  will,  470. 

Most  writers  on  the  steam  engine,  from  a  tliermodynamic  standpoint, 
determine  what  would  take  place  in  a  steam-cylinder  if  certain  conditions 
were  fulfilled,  the  result  being  that  but  liltle  attention  is  paid  to  what  actually 
does  occur  there.  The  present  work,  alter  deducing  the  general  equations 
of  thermodynamics,  brings  together  in  a  convenient  shape  many  of  the 
reliable  experiments  that  have  been  made  on  the  sieam-engine,  so  that,  as 
far  as  our  present  knowledge  extends,  the  action  of  steain  under  different 
conditions  can  be  studied. 

Chapters  I  to  V  contain  a  statement  of  the  first  and  second  laws  of 
thermodynamics  and  a  deduction  of  the  fundamental  equations.  The  dis- 
cussion (jf  these  equations,  as  applied  to  perfect  gases,  completes  the  sixth 
chapter.  Chapter  VI 1  treats  of  s.ituiated  vapor,  and  gives  in  a  small  space 
anapplicaiionofthetundainent.il  equation  to  steam  and  incidentally  to  a 
number  of  other  vapors.  The  next  chapter  treats  of  the  thermod)  namics  of 
supeiheated  steam.  Tlie  tlow  of  liquids  and  the  application  to  injectors  is 
next  treated  of,  the  results  of  experiments  with  a  Sellers,  Hancock,  Lombard 
and  a  Uodge  injector  being  given.  Ctiapter  XI  treats  of  hot-air  engines, 
and  is  descriptive  rather  than  an.iljtical,  and  gives  something  of  a  general 
idea  of  the  method  of  handling  the  problems  arising.  The  subject  of  gas- 
engines  IS  barely  touched  upon. 

Chapters  XII  to  XIX  are  devoted  to  the  steam-engine.  The  apparatus 
and  methods  for  conduciing  te^ts  are  given  and  numerous  eximplcs  iroin  all 
sources  are  given  from  the  experiments  of  the  Naval  Engineers  on  the 
Michigan,  in  1861,  to  tlie  teat  of  a  Worthington  pumping  engine,  by  Piolessor 
Unwin,  in  1S88.  The  apparatus  usee  and  the  piccautions  taken  are  given 
in  many  cases.  The  entire  subject  is  presented  in  such  a  way  that  the  data 
and  re.Nults  can  readily  be  compared  and  studied. 

One  chapter  treats  of  the  triction  of  steam-engines,  showing  what  part  of 
the  entire  friction  of  the  engine  is  chargeable  to  any  moving  part. 

Chapters  XX  treats  of  compressed  air-engines,  blowers,  etc.,  and  the  last 
chapter  deals  wiih  reliigcraling  machines. 

The  eniire  woik  is  the  bist  on  the  sub|ect  that  has  lately  been  issued,  and 
should  be  in  the  possession  of  eveiyone  studying  the  action  ol  steam  in  an 
engine. 
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An  odd  mistake  is  made  on  page  183,  where  the  text  for  that  page  is 
omilied  and  the  corresponding  page  from  Whitham's  Sleam-Engine  Design 
is  inserted  in  its  stead.  H.  W.  S. 


A  Manual  of  Machine  Constisuction  for   Engineers.  Draughtsmen 

ANU  Mechanics.     IJy  John  Richards.     Philadelphia:    J.    li.    Lippincott 
Company.     1889.     pp.  153. 

The  scope  of  this  work  is  best  given  by  a  summary  of  the  general  heads 
under  which  the  work  is  arranged.  Machine  design  is  treated  generally, 
and  then  particularly  as  to  sections  of  machine  frames,  rib  and  plate  sections, 
fly-wheel  rims,  spokes  and  struts,  machine  columns  and  standards,  bosses 
for  screws,  nuts  and  foundation  bolts,  bearings  for  shafts  and  spindles  and 
sliding  bearings.  Section  second  treats  of  the  transmission  of  power,  driving 
by  belts  and  ropes,  hydraulic,  steam,  air.  gas  and  electrical  transmissijn. 
Section  third  deals  with  steam  machinery  and  covers  the  details  of  valves, 
ports,  engine-frames,  crank  shafts  and  pins,  connecting-rods,  cross-heads 
and  matters  connected  with  steam  boilers.  Section  fouilh  treats  of  hydraulics, 
water-wheels,  pumps,  pipes  and  finings.  Section  fifth,  of  mechanical  draw- 
ing, heat,  dynamics  and  the  properties  of  materials.  The  last  section  ireais 
of  weights  and  measures  and  gives  various  tables,  such  as  circumferences  and 
areas  of  circles,  square  and  cube  roots,  etc. 

It  will  be  seen  that  the  ground  covered  by  the  work  is  quite  e.xtensive. 
and  it  is  s'lrprising  that  it  has  generally  been  so  well  worked  out. 

The  matter  treated  of  is  of  the  character  that  comes  before  everyone 
engaged  in  designing  machinery,  and  the  book  is  filled  with  exactly  the 
details  that  are  wanted. 

For  instance,  take  the  subject  of  collars  for  shafts.  The  author  first  states 
that  cast-iron  is  not  a  suitable  material  for  solid  collars  and  forged  ones  are 
expensive.  A  sketch  is  then  given  of  a  malleable  cast-iron  or  steel  collar, 
and  a  table  of  all  the  dimensions  for  dfferent  sized  shafts  is  given.  The 
table  is  followed  by  remarks  in  the  nature  of  cautions  as  to  the  use  of  this 
design.     Most  of  the  other  subjects  are  treated  in  practically  the  same  way. 

As  long  as  the  author  deals  with  proportions  of  the  details  of  machinery 
the  advantages  of  his  long  engineering  training  renders  that  portion  of  the 
work  very  valuable  to  the  designer.  When  he  goes  outside  of  that  the  work 
becomes  indefinite,  and  in  some  cases  misleading.  For  instance,  what  could 
be  less  clear  than  the   following,  on  indicated  and   actual  horse-power,  pp. 

77.  78  : 

"  Indicaled  horsepower. — This  term  is  employed  to  define  the  pressure 
exerted  by  the  pistons  of  engines,  and  is  the  mean  pressure  multiplied  by 
the  area  of  the  piston  in  inches  and  by  the  velocity  in  feet  per  minute.  This 
gives  foot-pounds,  that  is.  pounds  raided  one  foot  high  in  a  minute  ;  33,000 
of  these  foot-pounds  are  estimated  at  one  hotse-power,  so  ihat  dividing  by 
this  huniber  gives  indicated  horse-power. 

"  Actual  horse-pcU'er. — Ficm  the  indicated  power  of  an. engine,  there  muit 
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be  deducted  certain  losses  by  friction  in  the  engine,  friction  of  transmitting 
machinery ,  clearance  at  the  ends  of  the  cylinder  and  leaks,"  etc. 

That  the  term  indicated  horse-power  is  employed  to  define  pressure 
exerted  by  the  piston  of  an  engine  is  new;  that  foot-pounds  mean  pounds 
raised  one  foot  high  in  a  minute  is  not  so  ;  and  that  clearance  and  leaks  are 
responsible  for  any  of  the  difference  between  indicated  and  actual  horse- 
power is  rather  surprising. 

Again,  on  the  subject  of  locomotive  slide-valves,  p.  82,  a  valve  is  given 
with  certain  data,  and  the  following  statement  is  made  :  "  Steam  follows  sixty- 
four  per  cent,  of  the  stroke.  Exhausts  at  eighty-five  per  cent.  Compression, 
06  per  cent.  This  applies  to  the  forward  stroke."  Then,  this  peculiar 
statement  :  "  The  back  stroke  will  vary  as  the  length  of  the  connecting  rods." 

Lfnder  the  head  of  dynamics  (p.  134)  we  find  :  "  Power  is  a  resultant  of 
force  and  velocity.  Work  is  a  resultant  of  force,  velocity  and  time.  If  either 
force  or  velocity  are  changed,  power  is  changed  accordingly.  If  either  force, 
velocity,  or  space  are  changed,  work  is  changed  in  the  same  proportion." 

Definitions  of  power  and  work  could  hardly  be  put  more  awkwardly  and 
still  be  correct. 

The  form  in  which  the  book  is  gotten  up  makes  it  soinewhat  more  con- 
venient than  is  usually  the  case  with  works  of  this  kind.  The  pages  are  i>}i 
X  io>2  inches,  bound  along  the  shorter  side,  which  is  the  top  of  all  the  printed 
pages.  Every  other  page  is  blank  for  notes — a  most  excellent  feature.  The 
pages  ar»;  numbered  at  the  bottom  and  on  both  corners,  facilitating  use.  There 
iS' no  index  beyond  the  table  of  contents,  but  as  this  is  quite  full  very  little 
trouble  is  required  to  find  any  subject. 

It  is  doubtful  whether  what  maybe  called  the  general  information  con- 
tained in  the  work  will  be  of  any  value  to  anyone,  but  as  a  work  of  reference 
for  the  actual  details  of  machine  construction  it  will  be  of  great  assistance  to 
the  diaughtsman  and  engineer.  H.  W.  S. 


Steam-En(;ine  Design.  By  Prof.  Jay  M.  Whitham,  New  York:  John 
Wiley  &  Sons.     1889.     pp.  ix,  391. 

In  the  preface,  the  author  states  that  the  work  treats  of  the  application  of 
mechanics  to  the  designs  of  the  parts  of  a  steam-engine  of  any  type,  or  for 
any  duty.  While  he  has  given  hiiriself  a  large  field  to  work  in,  he  has  cov- 
ered the  constructive  details  very  well.  Theexainples  given  of  the  different 
parts  of  the  engine  are  from  the  latent  practice.  Giving  the  results  obtained 
by  the  different  methods  of  treatment  adds  greatly  to  the  value  of  the  work. 

Thus  in  the  early  part  of  the  work,  under  the  head  of  piston,  six  different 
methods  of  building  up  pistons  are  given,  from  the  small  ones  with  sprung 
ring  to  the  largest  marine  piston.  Nuinerous  examples  of  packing  pistons  and 
of  setting  out  the  packing  are  given. 

Empirical  and  analytical  methods  are  given,  where  possible, for  the  design 
of  the  parts  of  the  steam-engine  and  the  results  obtained  are  usually  placed 
together  for  comparisoh.  Tiius  three  methods  give  for  the  thickness  of  the 
piston  taken  as  an.example,  476,  541;  and  543  inches. 
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The  designs  of  all  the  parts  of  the  engine  are  treated  in  much  the  same 
way,  empirical  rules  being  given,  and  where  rational  analytical  methods  can 
be  applied  formulas  are  deduced  and  the  results  then  compared  with  those  of 
actual  practice. 

Perhaps  this  can  be  best  illustrated  by  the  design  of  compound-engine 
cylinders,  as  given  on  page  155.  Six  methods  of  deducing  the  diameters  of 
the  cylinders  are  given,  and  their  results  are  followed  by  the  actual  sizes  of 
the  cylinders  used.  As  the  engine,  if  the  cylmder  were  made  accordmg  to 
some  of  the  sizes  deduced,  would  cost  considerably  less  than  as  actually 
built,  it  would  be  interesting  to  know  which  method  to  select  if  one  wishes 
to  design  a  compound-engine.  This  is  the  only  defect  in  the  work.  Numer- 
ous examples  or  methods  of  working  are  given,  but  the  advantages  of  one 
method  over  another,  or  of  one  plan  of  fitting  up  a  part  over  another,  are 
not  dwelt  upon  to  any  extent.  Ordinarily,  the  results  would  vary  quite  an 
amount,  so  that  it  would  often  be  a  serious  question  in  the  cost  of  an  engine 
as  to  whether  one  size,  or  method,  rather  than  another,  should  be  used. 

The  work,  as  a  whole,  cannot  fail  to  be  of  very  great  service  to  designers 
and  draughtsmen,  as  it  brings  together  many  of  the  methods  of  working  out 
details,  but,  as  a  reference  book,  it  should  have  been  condensed  into  one- 
fourth  the  size. 

The  work  is  to  be  commended  for  the  superior  quality  of  the  figures,  as 
much  care  has  evidently  been  taken  in  their  preparation,  and  clearer  or 
handsomer  ones  are  seldom  found.  H.  VV.  S. 
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'  Iroceedtn^s  of  the  Stated  Meeting,  held  Wednesday,  October  16,  iSSg.'] 


Hall  of  the  Franklin  Institute, 
Wednesday,  October  16,  1889. 

Dr.  Isaac  Norris,  in  the  Chair. 

Present,  162  members  and  thirty-four  visitors. 

The  Actuary's  report  exhibited  six  additions  to  membership  since  the 
previous  meeting. 

The  Secretary  reported  the  following  resignations  from  the  Committee  on 
Science  and  the  Arts,  viz:  Profs.  Wm.  H.  Greene  and  L.  B.  Hall,  and  Messrs. 
J.  R.  McFetridge,  Alex.  E.  Outerbridge,  Jr.,  and  J.  Rodman  Wharton. 

An  election  to  fill  the  vacancies  resulted  in  the  choice  of — 

Mr.  N.  H.  Edgerton  for  the  unexpired  term  of  Prof.  Greene. 
Dr.  Chas.  B.  Dudley     ■'  '  ■'     Prof.  Hall. 

Mr.  Thos.  P.  Conrad     "  "  "     Mr.  Wharton. 

Mr.  Wm.  H.  Thome     "  "  "     Mr.  Outerbridge. 

Mr.  Addison  Hutton     "  "  "     Mr.  McFetridge. 

Mr.  Alex.  Crawford  Chenoweth,  of  New  York,  engineer  in  charge 
of  the  new  aqueduct  for  the  city  of  New  York,  gave  a  description  of  the 
more  important  engineering  features  of  this  work.  The  speaker  illustrated 
his  subject  with  the  aid  of  numerous  lantern  views. 

Mr.  Jules  Juvenet  read  a  paper  on  "  Ramie,"  with  especial  reference  to 
the  introduction  of  the  culture  of  this  valuable  fibre  plant  into  the  United 
States.  He  gave  an  account,  also,  of  machinery  and  processes  of  his  inven- 
tion for  the  preparation  of  the  fibre  of  the  plant  for  use  in  the  textile  indus- 
tries.    (Reftrred  for  publication.) 

The  Secretary's   Report  embraced  a  description  of  an  improved  "  car 
starter,"   invented  by  Mr.  J.   H.  Palmer,  of  Philadelphia,  and   an  account 
of  the  process  of  M.  Adolphe  Minet,  for  the  production  of  aluminium  by  the 
electrolysis  of  its  fluorides. 

Adjourned.  Wm.  H.  Wahl,  Secretary. 
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Prepared  binder  the  Direction  of  the  Committee  on  Meteorology  of  the 
Franklin  Institute. 


Hall  of  the  Franklin  Institute, 
Philadelphia,  September  30,  1889. 

teiiper.\ture. 

The  mean  temperature  for  the  month  of  September,  1889,  deduced  from 
the  reports  of  fifty  stations,  was  6i°'9,  which  is  about  one  degree  above  the 
normal,  and  two  degrees  above  that  of  September,  188S.  The  greatest 
departures  were  in  the  southeastern  part  of  the  State.  The  means  of  the 
daily  maximum  and  minimum  temperatures  were  70°'8  and  53°'o,  respectively, 
making  a  daily  mean  of  6i°'9,  and  an  average  daily  range  of  I7°"8. 

The  highest  temperatures  recorded  were  Columbus,  92° ;  Lebanon,  91°; 
Petersburg,  90°;  Greenville,  90°;  New  Castle,  90°,  and  Pittsburgh,  90'. 

The  lowest  were  Pillipsburg,  30°;  Clarion,  31°;  Petersburg,  31°;  New 
Castle,  31°;  Coudersport,  31°;  Columbus,  31°,  and  Dyberry,  31°. 

The  highest  temperatures  occurred  on  the  ist  and  2d,  and  the  lowest  on 
the  23d. 

Frosts  were  general  on  the  23d. 

Stations  with  the  highest  monthly  averages  were  Myerstown,  68°7 ; 
Philadelphia,  66°'4 ;  Pottstown,  65°'o,  and  Uniontown,  <i.\°'(). 

The  lowest  averages  were  Dyberry,  57°'2  ;  South  Eaton,  57°'5  ;  Phillips- 
burg,  57°7  ;  Eagles  Mere,  58°-2,  and  Wellsboro,  58°"4. 

barometer. 

The  average  pressure,  30'04,  is  slightly  below  the  normal.  The  lowest 
occurred  on  the  20th  and  21st.      The  range  for  the  State  was  about  one  inch. 

precipitation. 

The  average  precipitation  for  the  State,  5*05  inches,  is  an  excess  of  i'5o 
inches.     The  greatest  departures  were  in  the  eastern  part  of  the  State,  where 


the  following  totals  in  inches  were  reported:  Kennett  Square,  lo'oi  ;  West 
Chester,  9'95 ;  Eagles  Mere,  9'35  ;  Coatesville,  912;  Forks  of  Neshaminy, 
876,  and  Doylestown,  8'6i.  The  smallest  totals  were  Wellsboro,  271  ; 
Altoona,  274;  Grampian  Hills,  276;  Emporium,  2'84,  and  Somerset,  2'g^. 
The  heavy  rains,  from  the  loth  to  the  15th,  did  not  extend  to  the  extreme 
western  part  of  the  State.  A  few  stations  reported  Ught  snow  on  the  19th, 
20th  and  2 1  St. 

Note. — Observers  are  particularly  requested  to  enter  the  time  of  the  begin- 
ning and  ending  of  precipitation.     Also  to  note  excessive  precipitation. 

Excessive  precipitation  is  an  actual  fall  of  2' 50  inches  or  over  in  twenty- 
four  hours,  or  one  inch  or  more  in  one  hour. 

WIND    AND   WEATHER. 

The  notable  West  Indian  hurricane,  which  occasioned  the  destructive 
floods  along  the  seaboard  of  New  Jersey  from  the  9th  to  the  12th,  caused 
high  winds  and  heavy  rains  throughout  the  eastern  and  middle  portions  of 
Pennsylvania.  The  whole  month  may  be  characterized  as  wet  and  unpleas- 
ant. The  dampness  caused  considerable  delay  in  wheat  seeding,  and  rotted 
potatoes  so  badly  that  only  a  very  small  crop  was  secured. 

Average  Number. — Rainy  days,  13;  clear  days,  S;  fair  days,  8;  cloudy 
da,ys,  14. 

Prevailing  Direction  of  Wind. — West. 

MISCELLANEOUS    PHENOMENA. 

Thunder-storms.~Y\\X.^w!'^,  3d,  4th;  Blue  Knob,  3d,  i5th  ;  Ouakertown, 
17th;  State  College,  i6th  ;  West  Chester,  6th,  15th,  i6th,  17th,  19th;  Coates- 
ville, 14th,  i6th,  17th;  Rimersburg,  3d,  4th;  Catawissa,  15th,  i6th;  Union- 
town,  3d,  4th;  Petersburg,  i6th;  Indiana,  4th;  New  Castle,  nth;  Myers- 
town,  6th,  i6th;  Annville,  i6th  ;  New  Bloomfield,  15th,  i6th  ;  Philadelphia, 
i6th,  17th;  Girardville,  i6th ;  Selins  Grove,  16th;  Somerset,  6th,  i6th ; 
Canonsburg,  loth  ;  York,  l6th  ;  Lancaster,  i6th  ;  Wilkes- Barre,  i6th  ;  Ken- 
nett Square,  l6th. 

Frost.— ^\v.^  Knob,  18th,  23d,  28th;  Hollidaysburg,  23d;  Le  Roy,  22d, 
27th;  Ouakertown,  23d;  Emporium,  23d;  Phillipsburg,  23d;  West  Chester, 
23d,  28th  ;  Coatesville,  23d  ;  Rimersburg,  23d  ;  Grampian  Hills,  23d  ;  Cata- 
wissa, 23d  ;  Harrisburg,  23d;  Uniontown,  23d,  28th;  Petersburg,  23d;  New 
Castle,  23d;  Myerstown,  23d,  24th,  27th,  29th  ;  Greenville,  28th,;  Philadel- 
phia 23d  ;  Girardville,  20th,  26th  ;  Selins  Grove,  23d;  Somerset,  18th,  23d, 
28th  ;  Eagles  Mere,  23d,  28th,  29th ;  Wellsboro,  23d,  28th ;  Columbus,  23d  ; 
Canonsburg,  23d ;  Dyberry,  23d,  29th  ;  Honesdale,  23d,  29th ;  York,  23d, 
29th;  Lancaster,  23d,  27th;  Wilkes-Barre,  23d;  South  Eaton,  23d. 

Hail. — Blue  Knob, '21st;  Ouakertown,  21st;  Bethlehem,  19th,  21st;  Phil- 
adelphia, 1st;  Girardville,  19th;  SeUns  Grove,  21st. 
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Oscar  D.  Stewart,  Sgt.  Sig.  Cori 

Rev.  A.  Thos.  G.  Apple.  ' 

C.  M.  Dechant,  C.E 

Dr.  Charles  B.  Dudley. 

A.  H.  Boyle. 

Prof.  J.  A.  Stewart. 

Charles  Beecher. 

Geo.  W.  T.  Warburton. 

J.  C.  Hilsman. 

J.  L.  Heacock. 

E.  C.  Lorenlz. 

T.  B.  Lloyd 

Prof.  Wm.  Frear. 

Geo.  H.  Dunkle. 

Jesse  C.  Green,  D.D.S 

W.  T.  Gordon. 

Benj.  P.  Kirk. 

Rev.  W.  W.  Deatrick,  A.M. 

C.  M.  Thomas,  B.S. 
Nathan  Moore. 
Prof.  John  A.  Robb. 
Robert  M.  Graham. 

R.  B.  Derickson. 

J.  E.  Pague. 

Frank  Ridgway,  Sgt.  Sig.  Corps. 

Prof.  Susan  J.  Cunningham. 
Peter  Wood,  Sgt.  Sig.  Corps. 
Wm.  Hunt. 
R.  L.  Haslet. 


N 
NW 


Miss  Marj-  A.  Ricker. 
Thomas  F.  Sloan. 

Prof.  W.  J.  Swigart. 
J.  E.  Rooney. 

Prof.  S   C.  Schmucker. 
E.  E.  Weller. 
Wm.  T.  Butz. 
Wm.  H.  Kline. 

Geo.  W.  Bowman,  A.M.,  Ph.D. 

H.  D.Miller.  M.D. 
A.  W.  Betterly. 

Prof.  S.  H.  Miller. 

Charles  Moore,  D.D.S. 

Lerch  &  Rice. 

Frank  Mortimer. 

Luther  M    Dey,  Sgt.  Sig.  Corps. 

C.  L.  Peck. 

E.  C    Wagner. 

J.  M.  Boyer, 

W.  M.  Schrock. 

E.  S.  Chase. 

H.  D.  Deming, 

Wm.  Loveland. 

A.  L.  Runion. 

Theodore  Day. 

John  Torrey. 

Benj.  M.  Hall. 

Mrs.  L.  H.  Grenewald. 


T.  F.  TOWNSEND,  S<!rgeant  Signal  Corps,  Assistant. 


Monthly  Summary  of 
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TS  BY 

Voluntary  Observers  of  the  Pennsylvania  State  Weather  Service  for  September,  i 

889. 
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Barometer. 
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Precipitation. 
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Daily  Range. 
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Prevailing  Direction. 
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Obsbsveks. 

Allegheny  ,1  .... 

Pittsburgh, 

847 
1,300 

Z.IOO 

947 
718 
875 

3o"o23 
30-056 

30-049 

30-244 
30-279 

30-327 

29'495 
29-636 

29-494 

65-6 

64-4 
00-0 
62-0 
60-2 
59-8 
61-9 

61 -6 
62-8 
62-9 

60-6 

in 

62 -g 
62-8 
61-9 

61-8 
60-4 
62-9 
63-3 

90-0 

84-0 
86-0 
86-0 
87-0 
S6-0 
84-0 
82-0 
84-0 
85-0 
84-0 

8i-o 
85-0 
84-0 
88-0 

1 

i,'i6 

6 

5 
I.   3 

3 

t 

6 
I,   3 
3.   4 

i>   3 
3 
6 
6 

44-0 

42-0 
41 -o 
38-0 
32-0 
32-5 
37-0 
48-0 
36-7 
42-0 
35'o 

36-0 
30-0 
41-0 
37-0 

23 

22,  27 
23 
21 

23 

23 
27 

23,  29 
23 

27,     29 

23 

23 
23 
23 
23 

73-6 

73-0 
72-5 
.65-8 
73-6 
70-2 
67-3 

srs 

54'i 
56-2 

50-B 
50-2 
52-9 

16-1 

•,3-9 
16-3 
10-4 

22*8 
20-0 
14-4 

29*0 

34-0 
26-0 
18-0 
40-0 
35-5 
25-0 

2 

I 

1 

23 

3 

23 

6-0 

'  8-0 
5'o 
6-0 

11-0 
8-0 
5'° 

12 
21 

13 

21 

73'3 
89-J 

■34-; 
84-3 

54 '9 
'63-8 

■S7'6' 
55'i 

2-87 

7-08 
2'74 
4-7° 
3-OI 
3-21 

3'i3 
8-76 
3-06 

4'S9 
2-34 

3-67 
2-91 
9 '95 
9-12 
10-01 

3'32 
2-76 
4'73 
4'47 
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10 

11 
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15 
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9 

9 
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NW 
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NW 
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Oscar  D.  Sttwart,  Sgt.  Sig.  Corp>. 
Rev.  A.  Thos.  G.  Apple. 
C.  M.  Dechant,  C.E. 

Bcrks.i 

Blair.s 

Blair      

Dr.  Charles  B.  Dudley. 

A.  H.  Boyle. 

Prof.  J.  A.  Stewart. 

5 
10 

7 
7 
9 

6 

5 

5 
3 
11 
12 
9 
7 

13 
4 
9 

5 

10 
4 
8 
8 
10 

■4 

7 
7 
7 

I 
12 

6 
3 
5 
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10 
19 
15 
13 
14 
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18 
20 
12 
15 
15 
11 

11 
i3 
16 
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SW 
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Blair      

Wysox      ...           

Bucks, 

Bucks,  

J.  C.  Hilsman. 
J.  L.  Heacock. 

1,184 
1,030 

1,191 

1,350 

455 

380 

275 

1,500 

1,530 

1,450 

560 

491 

361 

190 
681 
1,000 
1,057 

618 

875 

650 
700 

1 .3.50 
413 
932 
474 

339 

1,655 

575 

1,000 

3S 

400 
117 
1,670 
1,000 
445 
2,250 
2,060 

'.327 
1,410 

950 
1,100 

660 

30-040 

30-023 
30-029 

30-320 

30-298 
30-314 

29-310 
29'454 

72-2 
7i'3 
71 '4 

f^ 
69-7 

70-7 
73'5 

53'5 
54'3 
50-5 

5i;7 

56-6 
57'4 

18-7 
17-0 
20-9 

16-6 
19-9 
14-1 
16-1 

342 

30-0 
34-0 

31-0 
40-0 
25-0 
36-0 

3 
29 
29 

23 
23 
29 
23 

4'3 
lo-o 
8-0 

7-0 
7'° 
4'o 
4'o 

12 
17 
17 

17 
17 
12 
12 

86-4 

76-2 
8i-o 

57'4 

54'2 
■56'5 

T.  B.  Lloyd 

Prof.  Wm.  Frear. 
Geo.  H.  Duntde. 
Jesse  C.  Green,  D.D.S. 
W    T   Gordon 

Centre, 

Centre 

Chester, 

State  College- 
Agricultural  ExperimentStation, . 

Phillipsburg, 

Westchester, 

Chester, 

Coatesville, 

Chester,! 

Kennett  Square,    , 

Benj.  P.  Kirk. 

87-0 

86-5 
86-0 
87-0 
80-5 

1 

I 

1 

I 

I,  16 

40-0 

31-0 
32-0 

36-0 
39-0 

28 

23 
23 
23 
23 

68-6 

69-7 
68-8 
72-1 

56-0 

50-7 
S4'o 
53'o 

12-6 
19-0 

14-8 
19-1 

24-0 

45-0 
29-0 
39'° 

23 
23 

i-o 

3'o 
60 
7-0 

20 

21 
20 
17 

79 '6 

55'3 

Clarion, 

Clearfield      .... 

Clarion — 
State  Normal  School, 

C.  M.  Thomas,  B.S. 
Nathan  Moore. 
Prof.  John  A.  Robb. 
Robert  M.  Graham. 

Clinton, 

Lock  Haven 

Craw-ford,     .... 

MeadviUe— 

Allegheny  College, 

Carlisle 

Cumberland,  .  .   . 

* 

Harrisburg, 

30-068 

30-023 
30-032 
30-000 

30-322 

30-383 
30-265 
30-177 

29'S59 

29-615 
29-466 
27-039 

62-6 

63-8 
63-0 
64-9 

82-0 

85-0 
85-0 
89-0 

16 

6 
2.  15 

I 

43-8 

41-0 

42-0 
38-0 

23 

23 
23 
23 

70-3 

72-1 
09-0 
73'3 

57'3 

56-4 
56-0 
55'4 

13-0 

I5'7 
13-0 
17-9 

25-0 

29-5 
25-0 
34-0 

23 

23 
29 

23 

4-0 

3'5 
3-0 
6-0 

12 

12 
16 
6 

80-6 

82-6 
76-0 
79 '4 

56-2 

58-6 
54 -o 
58-5 

4'53 

8-04 
4-85 
3'79 

17 

II 
15 
II 

8 

I 
10 
12 

7 

12 
9 
11 

15 

17 
II 

7 

w 

NW 

S 
NW 

w 

SE 
S 
SE 

w 

SW 

s 

E 

Frank  Ridgway,  Sgt.  Sig.  Corps. 

Prof.  Susan  J.  Cunningham. 
Peter  Wood,  Sgt.  Sig.  Corps. 
Wm.  Hunt. 

Delaware,    .... 

Fayelte, 

Forrest, 

Swarthmore — 

Swarthmore  College, 

Erie, 

Franklin,!    .... 

Chambersburg — 

Wilson  Female  College, 

McConnellsburg 

30-009 

30-339 

29-597 

62-9 

86-0 

15,    17 

34-0 

23 

7.-6 

S4'2 

i7'4 

35'o 

23 

6-0 

12 

86-1 

57'5 

4'i3 

B 

Miss  Mar^'  A.  Ricker. 

Fulton 

•   •   * 

Huntingdon,!  .   .    . 

Huntingdon — 
The  Normal  College, 

30-023 
30-017 

30-030 

30-046 
30-066 

30-102 
30-024 

30-056 

30-197 
30-261 

30-262 

30-330 
30-318 

30-438 
30-3=5 

30-340 

29-621 
29'53i 

29-426 

29-330 
29-631 

29-568 
'9 '439 

29-'6o5 

62-6 
61-1 

61-7 
62-8 
63-1 

61*9 

68-7 

58-9 
60-s 

59-3 
65-0 
64-0 
6.-3 
66-4 
60-5 

63-1 
57-0 

58-4 
6i*o 

62-s 
57-2 
60-1 

|7-5 
63-4 

37-a 
go-o 

87-6 
87-0 
90-0 
87-9 

91-0 

78-0 
82-0 

Tsl 
83-0 

88-0 
87-0 
88-0 
80-0 
84-0 
88 -o 
74-0 
88-0 
92-0 
88-0 
82-0 
80-0 
80-1 
85-0 

1 
I 

I 

4 

1,   2 

9 

9 

15 
16 

2 

6 

6 

1 

6 
•30 
16 

3 

1 
16 

4 
1.    2 
1,    2 
16 
16 

5 

4 

35-0 
31-0 

35 -o 
39-0 
31 'o 
36-5 

50-0 

40-0 
37-0 

33-8 
41-0 
40-0 
34-0 
47-0 
31-0 
37-0 
41-0 
32-0 
36-0 
30-0 
3'"o 
36-0 
31-0 
34'o 
32-0 
38-5 

23 
24 

23 
23 
23 
23 

29 

22,     23 
23 

23 
23 
29 

23 
22 

23 
23 
23 

23 

23 
23 
23 
22 

29 
23 
23 
23 

76-5 
71-1 

71-1 
71-9 
74'i 
72-7 

53 '9 
52-5 

50  6 

547 
50-1 

54'4 

22-6 
18-6 

20-5 
17-2 
24-0 
18-3 

38-0 
37-0 

36-7 
38-0 
40-0 
34-5 

26 
3 

23 

4 
23 
23 

9-0 
3° 

10-0 
6-0 
7-0 
5'i 

25 

14 
12 
20 
12 

81-3 
90-9 

"87-7' 
80-8 

92-5  • 

84-0 

80-0 

80-0 
90-0 

79'° 
83-0 

t'^ 
69-2 

83-1 

73-0 

76-0 
'78-3 

60-5 
57'3 
63'5 

DO'O 
58-0 

6o'o 
S6'5 

58-0' 
54-0 
51-3 
48-3 
53'2 
55'° 

58-0 
57'7 

4'53 
3'57 

4-06 
6-38 
4-01 
3'45 

5'56 
5'79 

3-68 
8-44 
6-14 
5-02 
4-66 
2"go 
fi'So 
5'i6 
2 '94 
9'35 
2-71 
5 '25 
3'4i 
4-18 
5-90 

IK 

9 
11 

17 
■5 
10 
15 

17 
13 

12 
9 
17 
16 
17 
6 
17 
10 
10 
14 
14 
11 
II 
12 
i3 
11 
■3 

11 
6 
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5 
8 
8 

4 

5 

8 
ir 
14 

7 

3^ 
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4 
10 
3 
6 
10 
10 
5 

9 
10 

16 
12 
12 
5 

3 

4 

7 
7 
2 
6 
6 
8 
1 

10 

11 

7 
10 

9 
10 

9 

10 
14 

9 
13 
10 
17 

i3 

15 

15 
12 
14 
17 
17 
14 
21 
6 
9 
15 
14 
11 
10 
16 

W 

W 

NE 
SE 
SE 
E 

NW 

NW 

SE 
NE 
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E 
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E 

NE 
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NW 
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NW 
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w 

N 
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SE 
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NW 

NE 
NE 

W 

E 
NE 

W 

W 
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Prof.  W.  J.  Swigart. 
J.  E.  Rooney. 

Prof.  S   C.  Schmuclcer. 
E.  E.  Weller. 
Wm.  T.  Butz. 
Wm.  H.  Kline. 

Indiana, 

Lancaster,    .... 

Indiana — 

State  Normal  School, 

Lancaster 

LawTence,    .... 

New  Castle, 

Lebanon, 

Lebanon,  

Annville — 

Lebanon  Valley  College , • 

Drifton— 

Drifton  Hospital, 

Luzerne, 

67-2 
67-0 

73'i 
73 'o 
72-0 
72-0 
73-4 

^"' 
og'o 

2'" 
69-9 

63-8 

69-9 

72-2 
73-0 
68-4 
68-0 
65-2 

73'4 

52-7 
54-0 

58-0 
56-0 
54'o 
59'5 
47-2 
52-5 
33'o 
50-0 
50-5 

49-8 
52-0 
48-7 
55'2 
49-3 
55'5 

I4'5 
13-0 

17-8 
13-0 
16-0 
i8'o 
13-9 

22-5 

40-6 

19-9 
133 
18-8 

22  4 
21-0 

\tl 

15'4 
17-9 

28-0 
32-0 

37'4 
29-0 
30-0 
39-0 
22-0 
33-0 
280 
59'° 
34'° 
22-0 
i3-o 
46-0 
40-0 
36-0 
28-0 

38-5 

3 
23 

7 
23 
2 

23 
23 

4 
29 

I 
23 
23 

1 

1 
23 

3 
23 
23 
23 

7-0 
3'° 

5'7 
3-0 
8-0 
3-0 
4-0 
4-0 
3-0 
28-0 
7-0 
3'o 

2-0 
2  0 
16-0 

5-0 

50 
3-0 

5'° 

12 
12 

30 
12 
12 

17 
12 

20 
II 
20 
24 
19 

4 
16 
30 
12 
12 

13 
12 

H.D.Miller.  M.D. 
A.  W.  Betterly. 

Prof.  S.  H.  Miller. 

Charles  Moore.  D.D.S. 

Lerch  &  Rice. 

Frank  Mortimer. 

Luther  M.  Dey,  Sgt.  Sig.  Corps. 

C.  L.  Peck. 

E.  C.  Wagner. 

J.  M.  Boyer, 

W.  M.  Schrock. 

E.  S.  Chase. 

H.  D.  Deming. 

Wm.  Loveland. 

A.  L.  Runion. 

Theodore  Day. 

John  Torrey. 

Benj.  M.  Hall. 

Mrs.  L.  H.  Grenewald. 

Luzerne,! 

Mercer,! 

Wilkes-Barre  (24  days), 

Greenville — 

Thiel  College, 

Montgomery, .    .    . 

Pottstown, 

N'orthampton,     .   . 

Perry,        ..... 

PhiladelphU.l     .   . 

Philadelphia, 

Potter, 

Schuylkai,  .... 
Snyder, 

Coudersport,           

Somerset,     .... 

Somerset, 

Sullivan 

Tioga,  

Wellsboro 

Warren, 

^^ashington.  .  .   . 

Canonsburg, 

Wayne,^  ..'... 

Dybeny 

«ayne 

Wyonjing...... 

Honesdale, 

South  Eaton  (27  days), 

York, 

6 
'3 

4 

3 

17 
14 

N 
NW 

N 
NW 

N 
NW 

'  Observations  taken  at  8  A.  M.  and  8  P.  M.        s  Observations  taken  at  12  Noon. 


T.  F.  TOWNSEND,  Sergeant  Signal  Corps,  Assistant, 
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SnoTu. — Blue  Knob,  20th,  21st;  Phillipsburg,  19th  ;  Selins  Grove,  21st. 

07r(7«^.— Myerstown,  9th  ;  Dyberry,  4th,  9th,  29th. 

Aurora. — Blue  Knob,  3d. 

Solar  Halos. — Le  Roy,  29th  ;  Wellsboro,  20th,  26th ;  Dyberry,  24th  ; 
South  Eaton,  24th. 

Lunar  Halos. — Lock  Haven,  26th ;  Annville,  9th  ;  Somerset,  loth,  i  ith  ; 
Lancaster,  4th. 

WEATHER  FORECASTS. 

Percentage  of  local  verifications  of  weather  and  temperature  signals  as 
reported  by  display  men  for  September,  1889: 

Weather,  88  per  cent. 
Temperature,  89  per  cent. 

TEMPERATURE   AND   WEATHER    SIGNAL    DISPLAY    STATIONS. 
Displayman.  Station. 

U.  S.  Signal  Office Philadelphia. 

Wanamaker  &  Brown, " 

Pennsylvania  Railroad  Company 

Continental  Brewing  Company, " 

Samuel  Simpson, " 

B.  T.  Babbitt 

Western  Meat  Company " 

Neptune  Laundry " 

Chester  Oil  Company Chester. 

C.  W.  Burkhart Shoemakerville. 

A.  X.  Lindenmuth Allentown. 

C.  B.  Whitehead, Bradford. 

Capt.  Geo.  R.  Guss, West  Chester. 

Werner  &  Son,    . ....  Emporium. 

C.  E.  Lenhart Latrobe. 

Thomas  F.  Sloan McConnellsburg. 

J.  H.  Fulmer Muncy. 

W.  T.  Butz New  Castle. 

S.  W.  Morrison Oxford. 

Capt.  A.  Goldsmith Quakertown. 

J.  L.  Morrison, Sharon. 

Wm.  A.  Engel Shenandoah. 

\Vm.  Schrock, Somerset. 

Postmaster, Meadville. 

Frank  Ross Oil  City. 

Lerch  &  Rice, Bethlehem. 

John  W.  Aitken Carbondale. 

Signal  Office, Erie. 

J.  R.  Raynsford, Montrose. 


4 

Disptayman^  Station. 

E.  P.  Wilbur  &  Co South  Bethlehem. 

Agricultural  Experiment  Station State  College. 

Signal  Office Pittsburgh. 

E.  H.  Baker Williamsport. 

New  Era Lancaster. 

State  Normal  School Clarion. 

Clarion  Collegiate  Institute, Rimersburg. 

E.  S.  Chase, Eagles  Mere. 

Thiel  College Greenville. 

D.  G.   Hurley Altoona. 

J.  E.  Forsythe Butler. 

James  H.  Fones, Tionesta. 

Wister,  Hacker  &  Savage, Germantovvn. 

W.  J.  Thompson  &  Co., Clifton  Heights. 

Steward  M.  Dreher, Stroudsburg. 

State  Normal  School Millersville. 

E.  C.  Wagner Girardville. 

Hartford  P.  Brown, Rochester. 

L.  H.  Grenewald York. 

J.  E.  Pague, Carlisle. 

C.  L.  Peck Coudersport. 

H.  D.  Miller Drifton. 

Smith  Curtis, Beaver. 

M.  Tannehill Confluence. 

S.  C.  Burkholder Pollock. 

Robt.  M.  Graham Catawissa. 

Henry  F.  Bitner Millersville. 

A.  J.  Edelman Pottstown. 

A.  M.  Wildman, Langhorn. 

N.  E.  Graham, East  Brady. 

B.  F.  Gilmore, Chambersburg. 

Frank  M.  Morrow, Altoona. 

A.  Simon's  Sons Lock  Haven. 

E.  W.  McArthurs, Meadville. 

J.  K.  M.  McGovern Lock  No.  4. 

Raftsman  s  Journal, Clearfield. 

W.  S.  Ravenscroft Hyndman. 

R.  C.  Schmidt  &  Co., Belle  Vernon. 

Jesse  R.  Brown, Lehmasters. 

H.  W.  Mullen Centre  Valley. 

Mayer  Bros Bloomsburg. 

E.  C.  LorentE, Johnstown. 

W.  M.  James Ashland. 

Miller  &  Allison,   , Punxsutawney. 

Dr.  A.  L.  Runion Canonsburg. 
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SHOWING   THE 

NORMAL  TEMPERATURE   OF   PENNSYLVANIA   FOR   SEPTEMBER. 
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Franklin  Institute 

OF  THE  STATE  OF  PENNSYLVANIA, 
FOR  THE  PROMOTION  OF  THE   MECHANIC  ARTS. 


Vol.  CXXVIII.         DECEMBER,  1889.  No.  6. 

The  Franklin  Institute  is  not  responsible  for  the 
statements  and  opinions  advanced  by  contributors  to  the 
Journal. 

AMERICAN  ISTHMIAN  CANAL  ROUTES. 


By   Daniel  Ammen, 
Rear  Admiral,  United  States  Navy. 


[y4  Lecture  delivered  before  tlie  Franklin  Institute,  November  4,  iSSg.'] 

Admiral  Ammen  was  introduced  by  Prof.  Coleman 
Sellers,  of  the   Institute,  and   spoke   as  follows : 

Members   of  the  Franklin  Institute  and  Ladies  and 
Gentlemen : 

Forty-eight  years  ago  I  was  under  instruction  in  the 
Naval  School,  in  Philadelphia,  which,  two  years  later,  was 
[.removed  to  Annapolis,  and  has  grown  into  an  institution 
Iworthy  of  the  nation,  aided  in  its  infancy  by  the  genius  of 
[Professor  Chauvenet,  your  townsman,  who  instructed  the 
[midshipmen,  of  whom  I  was  one. 

More  than  a  quarter  of  a  century  ago  I  left  vour  port  in 
command  of  the  monitor  Patapsco  to  take  part  in  the  bom- 
bardment of  Fort  Sumter.  During  the  Civil  War  and  after- 
Whole  No.  Vol.  CXXVIII.— (Third  Series,  VoL  xcviii.)  27 
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wards  I  had  found  many  valued  friends  in  this  city.  Among 
those  I  prized  most  highly  was  the  late  John  Welsh,  whose 
memory  is  so  highly  honored  in  the  community,  where  ^e 
lived  so  long  and  usefully.  In  all  these  years  I  have 
approached  Philadelphia  from  whatever  direction  with  a 
feeling  of  satisfaction :  there  is  no  squalidity  in  its  out- 
skirts, there  is  none  along  its  centres,  so  disagreeable  a 
feature  in  neighboring  cities.  It  seems  that  everybody  here 
has  a  comfortable  home  and  a  useful  existence,  and  this 
condition  is  gratifying  to  every  one  who  has  the  instinct  of 
humanity. 

Regarding  your  city  with  so  much  appreciation,  I  was 
gratified  to  receive  an  invitation  to  deliver  a  lecture  before 
this  Institute,  that  in  the  past,  as  in  the  present,  is  recog- 
nized as  one  of  the  sources  through  which  Philadelphia  has 
attained  such  practical  results  in  advancing  the  common 
interests  of  mankind,  through  science  ministering  to  the 
necessities  that  belong  to  men.  I,  however,  regarded  the 
invitation  rather  as  an  acknowledgment  of  my  efforts  in 
obtaining  information  relating  to  the  question  of  American 
Isthmian  Transit  than  that  I  could  be  expected  to  say 
much  that  was  not  already  known  to  the  members  of  the 
Institute. 

Your  citizens  generally  know  that  Mr.  Charles  Biddle,  of 
Philadelphia,  was  sent  to  Panama,  in  Central  America,  in 
May,  1835,  appointed  by  President  Jackson  under  a  Con- 
gressional resolution  that  explains  the  earnest  interest  felt 
at  that  time  in  the  consideration  of  an  Isthmian  canal  and 
upon  what  political  basis  it  should  be  constructed.  The 
resolution  reads  as  follows  : 

"  Resolved,  That  the  President  of  the  United  .States  be 
respectfully  requested  to  consider  the  expediency  of  opening 
negotiations  with  the  governments  of  other  nations,  and 
particularlv  with  the  governments  of  Central  America  and 
New  Granada,  for  the  purpose  'of  effectually  pi'otecting,  by 
suitable  treaty  stipulations  with  them,  such  individuals  or 
companies  as  mfiy  undertake  to  open  a  communication 
between  the  Atlantic  and  Pacific  Oceans  by  the  construc- 
tion of   a  ship  canal   across   the   isthmus  which  connects 
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North  and  South  America  ;  and  of  further  securing  forever, 
by  such  stipulations,  the  free  and  equal  right  of  navigation 
of  such  canal  to  all  nations,  on  the  payment  of  such  reason- 
able tolls  as  maybe  established  to  compensate  the  capitalists 
who  ma}^  be  engaged  in  such  undertaking  and  complete  the 
work." 

In  compliance  with  that  resolution.  President  Jackson 
appointed, May  i,  1835,  Mr.  Charles  Biddle,  of  Philadelphia,  a 
special  agent,  to  proceed  to  the  isthmus,  for  the  purpose  of 
making  all  necessary  inquiries  in  reference  to  the  work. 
Mr.  Forsyth's  letter  of  instructions  directed  him  to  proceed 
by  the  most  direct  route  to  the  port  of  San  Juan,  Nicaragua, 
and  ascending  that  river,  cross  thence  to  the  Pacific,  making 
all  inquiries  as  to  plans,  surveys  and  estimates,  and  procur- 
ing at  Guatemala  copies  of  all  public  documents  regarding 
the  subject.  From  Guatemala  he  was  to  proceed  to  Panama, 
make  as  thorough  an  examination  as  possible  of  the  route 
there,  and  at  Bogota  obtain  copies  of  public  documents  in 
reference  to  a  projected  railroad,  and  especially  any  infor- 
mation in  relation  to  a  concession  said  to  have  been  made 
by  the  government  of  New  Granada  to  a  certain  Baron 
Thierry. 

Furnished  with  a  circular  letter  to  all  the  United  States 
consuls  in  the  countries  referred  to,  and  also  in  Mexico,  Mr. 
Biddle  set  out  on  his  journey,  but,  as  it  appears  from  the 
difficulties  of  obtaining  at  that  time  direct  conveyance  to 
San  Juan,  Mr.  Biddle  went  to  Panama,  never  reached 
Nicaragua,  and  died  soon  after  his  return  to  the  United 
States,  in  1836,  without  making  any  full  report- 

It  appears,  therefore,  that  more  than  half  a  century  ago, 
when  our  territory  and  material  interests  on  the  west  coast 
were  prospectively  insignificant  as  compared  to  their  present 
extension  and  importance,  our  statesmen  of  that  day,  with- 
out distinction  of  party,  regarded  them  sufficient  to  warrant 
the  above  action,  and  a  distinguished  citizen  of  your  citv 

twas  designated  to  carry  the  resolution  into  effect.  He- died 
fifty-three  years  ago,  probably  from  his  detention  on  the 
Isthmus  of   Panama,    as    pestiferous    as   any    spot    on   the 
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It  is  not  my  intention  to  follow  this  subject  historically, 
I  propose  to  present  only  a  brief  sketch  of  more  recent 
events,  relating  principally  to  reliable  surveys  and  their 
results. 

The  readers  of  Harper's  ATonth/y  of  thirty-five  years  ago 
may  recall  an  account  of  an  attempted  exploration  of  the 
Isthmus  of  Darien,  by  Lieut.  Strain,  of  the  Navy.  It  was 
a  tragic  account  of  loss  of  life  through  starvation  in  a 
country  teeming  with  abundance  ;  where  one  of  the  lords 
of  the  soil,  or  a  hundred  of  them,  would  have  set  out  to  go 
from  sea  to  sea,  picking  their  food  by  the  wayside.  The 
forest  would  have  supplied  vegetable  food  of  wholesome 
kinds,  it  was  filled  with  game  too,  and  the  waters  abounded  in 
fish.  The  expedition  was  one  of  those  sad  adventures 
undertaken  without  study  of  what  was  necessary,  not  alone 
for  success  in  establishing  topographical  facts,  but  as  well 
for  the  prevention  of  misery,  and  the  actual  starvation  of 
more  than  one-half  of  the  partv.  After  reading  this  narra- 
tive, I  became  much  interested  from  an  apparently  insig- 
nificant circumstance — the  supposed  hearing  of  the  evening 
gun  of  the  Cyane,  the  vessel  they  had  left  three  days  before 
at  anchor  in  Caledonia  Bay.  Soon  after  leaving  the  vessel 
to  make  their  intended  exploration,  they  began  the  ascent 
of  a  mountain,  following  up  a  ravine,  and  finding  that  toil- 
some, they  availed  themselves  of  a  pathway  of  the  Indians 
over  the  hills,  and  in  the  afternoon  encamped  on  the  Pacific 
slope.  The  following  morning  they  went  down  this  slope 
and  soon  reached  a  considerable  stream,  which  they  called 
the  Sucubuti,  at  that  point  several  hundred  feet  above  the 
sea,  as  was  afterwards  known.  An  ascertainment  at  that 
time,  with  a  level,  of  the  height  above  sea  of  this  flow- 
ing water  would  have  effectually  barred  any  belief  in  the 
statement  that  had  been  made  by  CuUen  and  others, 
as  to  the  low  line  of  levels  between  the  seas  higher  up  on 
the  water-shed  than  the  region  they  traversed.  At  that 
time,  that  admirable  little  instrument,  the  pocket  aneroid, 
was  not  in  use;  with  such  an  instrument,  no  more  ciimber- 
some  than  a  watch,  in  one  or  two  days  the  absolute  falsity 
of  the  asserted  low  gap  between  the  two  oceans  could  have 
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been  established,  and  fvirther  exploration  on  that  line  or 
above  on  that  line  of  drainage,  would  have  been  entirely 
useless  ;  there  could  be  no  low  gap  between  the  two  seas,  as 
asserted,  with  a  considerable  stream  lying  close  to  the  coast 
range  of  mountains,  hundreds  of  feet  above  the  seas. 

I  wrote  to  Strain,  whom  I  knew  well,  calling  his  attention 
to  the  significance  of  the  supposition  that  they  had  heard 
the  evening  gun  of  the  Crane.  Were  it  so,  in  mv  belief,  a 
gap  in  the  mountains  would  be  found  through  which  the  sound 
had  come.  Months  passed  before  I  heard  from  him  ;  he  was 
then  on  the  Isthmus  of  Panama,  where,  not  long  after,  in  1857, 
he  died.  He  made  no  reply  to  my  direct  question  as  to  hear- 
ing the  evening  gun  and  expressed  the  belief  that  the  Isthmus 
of  Darien  would  furnish  no  practicable  route,  which  he 
thought  would  be  found  on  the  Isthmus  of  Panama,  on  or  near 
the  line  of  the  railroad.  Not  long  after,  I  was  ordered  to  the 
Saranac  and  made  a  cruise  in  the  Pacific :  on  our  arrival  at 
Panama,  I  was  transferred  to  the  flag-ship  Merrimac,  and 
still  interested  in  the  Isthmus,  made  provisional  arrange- 
ments to  visit  in  a  tug  the  River  Chepo,  the  mouth  of  which 
is  some  twenty  miles  east  of  the  city  of  Panama'.  The 
captain  of  the  Merrimac  did  not  approve  of  my  personal 
efforts  to  explore,  and  consequently  was  not  willing  to  grant 
me  leave  of  absence  for  a  week.  My  research  wotild  have 
looked  to  a  possible  connection  with  the  Gulf  of  San  Bias 
by  means  of  a  tunnel,  after  locking  above  the  sea  level,  high 
enough  at  least  to  have  a  dry  foot  in  making  the  excavation. 
This  route  has  yet  the  unreasoning  support  of  some  well- 
meaning  men,  who  can  look  only  at  one  side  of  a  question, 
and  cannot  consider  relative  advantages.  Even  should  a 
sea-level  canal  be  regarded  there  aspracticable,  with  a  tunnel 
certainly  of  not  less  than  seven  miles  in  length,  and  with  a 
mountain  overhead  of  some  5,000  feet  in  height,  such  a 
canal  could  not  compare  favorabl}^  with  the  Nicaragua  route 
as  now  located. 

On  my  return  to  the  United  States  in  the  Merrimac,  in 
February,  i860,  I  wrote  to  the  Geographical  Societv  of  New 
York  my  ideas  touching  the  exploration  of  the  Isthmus, 
and  the  method  that  seemed  to  me  necessarv to  secure  satis- 
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factory  topographical  results,  namely :  to  follow  up  all  of  the 
large  water-sheds  and  make  a  skeleton  map,  with  curves  of 
elevations.  These  could  be  readily  connected  where  desired, 
by  lines  of  levels.  These  ideas  were  favorably  received  by 
the  Society,  but  we  were  then  absorbed  in  questions  that 
terminated  a  few  months  later  in  civil  war,  which  for  years 
shut  out  of  the  public  mind  any  consideration  of  Isthmian 
explorations. 

During  the  early  part  of  1 866,  General  Grant  was  on  duty 
in  Washington  ;  he  and  myself  had  been  playmates  when 
children,  which  sometimes  establishes  an  intimacy  and  con- 
fidence such  as  nothing  else  does.  I  called  his  attention 
to  how  little  was  known  in  relation  to  the  Isthmus  of  Darien 
proper,  where  it  seemed  to  me  there  was  a  fair  prospect  of 
finding  favorable  conditions  for  the  construction  of  a  canal. 
He  quite  agreed  with  me,  and  made  an  examination  of  an 
enlargement  from  an  old  Spanish  map  in  the  Naval  Observa- 
tory Library.  About  this  time  Justice  Field,  of  the 
Supreme  Court,  presented  to  Senator  Conness,  of  California, 
a  resolution,  which  he  offered,  calling  upon  the  Superinten- 
dent of  the  Naval  Observatory  for  all  information  touching 
Isthmian  surveys.  The  passage  of  this  resolution  produced 
(Senate  Ex.  Doc.  No.  62,  39th  Congress,  ist  Session,  pub- 
lished in  1866)  the  first  compendium  of  information  relating 
to  this  subject  known  to  me. 

In  the  auti:mn  of  1867,  I  was  in  command  of  the  flag- 
ship Piscataqua,  bound  for  the  Asiatic  station.  In  Decem- 
ber, just  before  sailing  from  New  York,  my  duties  called 
me  to  Washington  for  a  day.  On  leaving.  General  Grant  took 
me  to  the  station,  and  expressed  his  regret  that  he  had  thus 
far  not  been  able  to  bring  about  an  exploration  of  the  L«5th- 
mus.  I  replied  that  I  did  not  feel  in  any  degree  uneasy  as 
to  that,  and  had  no  doubt  that  ere  long  he  would  be  able  to 
effect  it.  During  the  following  winter.  Senator  Conness 
secured  an  appropriation  for  the  exploration  of  the  Isthmus, 
and  the  subsequent  election  of  General  Grant  to  the  Presi- 
dency enabled  him  to  have  me  ordered  home,  his  object 
being  to  send  me  to  -the  Isthmus.  Before  reaching  home, 
however,  other  officers  had  been  assigned  to  two  large  sur- 
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veying'  parties,  and  I  was  made  chief  of  a  bureau  in  the 
Navy  Department,  and  directed  to  confer  with  the  Secretary 
of  the  Navy  in  relation  to  the  Isthmian  surveys  then  in 
progress. 

In  compliance  with  a  resolution  of  Congress,  on  the  15th 
of  Alarch,  1872,  the  President  appointed  a  Commission,  con- 
sisting of  Gen.  A.  A.  Humphreys,  Chief  of  Army  Engi- 
neers ;  Capt.  C.  P.  Patterson,  Superintendent  of  Coast  Sur- 
vey, and  myself,  then  Chief  of  Bureau  of  Navigation.  Our 
duties  were  to  examine  into  the  entire  Isthmian  question, 
make  suggestions  as  to  further  surveys,  etc.  The  formula- 
tion of  the  orders  to  the  officers  engaged  in  making  the 
surveys  was  placed  in  our  hands,  and  we  kept  the  President, 
who  was  deeply  interested  in  the  results,  advised  of  the 
process  of  the  work.  After  the  completion  of  the 
Tehuantepec,  the  Nicaragua  and  the  Atrato-Napipi  routes, 
and  the  several  tentative  lines  in  the  vicinity  of  Caledonia 
Bay,  and  lying  between  it  and  the  water-shed  falling  into 
the  river  Atrato,  in  South  America,  the  Commission  asked 
for  and  obtained  an  inspection  of  the  Nicaragua  and  Atrato- 
Napipi  routes,  which  seemed  to  promise  possible  practicable 
canal  routes.  Major  MacFarland  and  Captain  Heuer,  of  the 
Engineer  Corps  of  the  Army,  were  assigned  to  inspect 
these  routes,  and  Mr.  Mitchell,  of  the  Coast  Survey,  was 
also  ordered.  General  Ammen  was  invited,  and  went  in  an 
honorary  capacity  at  the  request  of  General  Humphreys,  his 
classmate  and  friend  at  the  Military  Academy,  and  Mr. 
Walton,  C.  E.,  of  Louisiana,  also  went  in  an  honorary 
capacity. 

In  returning,  I'ia  Panama,  General  Ammen  obtained  such 
information  as  induced  him  to  state  to  the  Commission  that 
although  he  thought  Panama  would  prove  greatly  inferior 
to  the  Nicaragua  route  in  first  cost  and  still  greater  in  main- 
tenance, he  did  not  see  how  the  Commission  could  make  a 
report  without  being  subject  to  proper  criticism,  iinless  an 
instrumental  examination  of  Panama  was  made  and  reported 
upon.  As  this  would  delay  the  completion  of  our  report 
one  year,  I  heard  this  opinion  with  a  good  deal  of  disap- 
pointment, although  quite  certain  now  that  this  course  was  a 
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necessity  to  free  the  Commission  from  possible  reproach. 
At  our  request,  this  instrumental  examination  was  made 
by  the  same  officer  in  command,  accompanied  by  the  same 
civil  engineer  and  medical  officer  who  were  on  the  Nica» 
ragua  survey.  It  was  advantageous  in  every  way  that  the 
relative  advantages  and  disadvantages  of  the  two  routes 
should  be  known  and  passed  upon  by  the  same  persons.  On 
the  completion  of  the  Panama  survey,  the  great  inferiority 
of  that  route  was  shown.  The  necessity  of  making  it  lay  in 
the  fact  that  there  was  no  authentic  information  obtainable 
other-^vise  than  by  making  the  survey,  to  enable  the  Com- 
mission to  form  an  intelligent  opinion  as  to  the  degree  of 
practicability  of  that  route.  A  further  survey  of  the  Atrato- 
Napipi  route,  not  asked  for  by  the  Commission,  established 
the  fallacy  of  what  had  been  presented  as  an  actual  instru- 
mental line  of  location  over  a  distance  of  about  twenty 
miles  which  had  not  been  traversed. 

A  satisfactory  instrumental  location,  and  calculations 
and  plans  for  a  canal  across  the  Isthmus  of  Panama,  was 
placed  before  the  Commission,  and  soon  after  a  final  report 
was  made,  February  7,  1876.  (Senate  Ex.  Doc.  No.  15,  46th 
Congress,  ist  Session.)  It  states:  "That  the  Nicaragua  route, 
beginning  on  the  Atlantic  side,  at  or  near  Greytown,  pos- 
sesses, both  for  the  construction  and  maintenance  of  a 
canal,  greater  advantages,  and  offers  fewer  difficulties  from 
engineering,  commercial  and  economic  points  of  view,  than 
any  one  of  the  other  routes  shown  to  be  practicable  by  sur- 
veys sufficiently  in  detail  to  enable  a  judgment  to  be  formed 
of  their  relative  merits,  as  will  be  briefly  presented  in  an 
accompanying  memorandum." 

The  memorandum  summarizes  the  advantages  and  dis 
advantages  of  the  various  routes  examined,  from  Tehuante- 
pec,  with  its  754  feet  of  elevation  and  difficult,  if  not  defi- 
cient water  supply,  to  the  Atrato-Napipi  route,  the  farthest 
south.  The  routes  examined  were  ten  in  number,  of  which 
three  had  plans  and  estimates  for  ship  canals,  based  on 
instrumental  work,  the  tentative  examinations  of  the 
Darien  and  other  routes  being  ample  to  show  their  impracti- 
cabilitv. 
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From  the  time  of  the  report  of  the  Commission  until  the 
expiration  of  the  term  of  President  Grant,  there  was  great 
political  commotion  in  Congress,  and  after  the  Presidential 
election  in  November,  there  was  great  uncertainty  as  to 
the  Presidential  succession.  Nothing  was  done  looking 
towards  the  construction  of  the  canal  as  recommended  by 
the  Commission ;  General  Grant  was,  nevertheless,  still  earn- 
est in  relation  to  it,  and,  just  previous  to  his  going  abroad, 
called  on  President  Hayes  and  urged  action,  and  asked  me 
to  remind  the  President  of  the  very  great  importance  of 
bringing  it  about  under  the  control  and  auspices  of  our 
Government.  The  question,  nevertheless,  slumbered  until 
revived  by  the  Paris  Canal  Congress,  May  15,  1879. 

About  the  time  that  Lull  had  completed  his  surveys  on 
the  Isthmus  of  Panama,  in  1875,  a  discussion  was  taken  up 
in  Paris  by  the  French  Section  of  the  International  Com- 
mittee for  the  exploration  of  the  American  Isthmus.  M. 
Drouillet,  a  French  engineer,  and  the  Secretary  of  the  Com- 
mittee, published  a  pamphlet  in  which  he  gave  a  synopsis 
of  what  he  regarded  as  authorities,  and  he  proposed  methods 
of  exploration.  Notwithstanding  our  instrumental  surveys 
and  tentative  lines  over  many  routes,  he  came  to  the  United 
States  to  make  an  appeal  to  our  learned  societies  to  lend 
their  aid  to  make  a  general  and  serious  exploration  of  the 
Isthmus.  He  asserted  that  "  the  problem  of  inter-oceanic 
navigation  is,  at  present,  incapable  of  solution  on  account 
of  the  insufficiency  of  geographical  data,  and  of  the  flagrant 
contradictions  which  exist  in  these  data — an  insufficiency 
and  contradictions  which  do  not  permit  the  engineer  to 
study  profoundly  a  definite  project." 

As  a  member  of  the  Commission  that  had  made  an 
official  report  of  the  sufficiencv  of  authentic  information  in 
our  possession,  I  gave  a  reading  before  the  American  Geo- 
graphical Society,  of  New  York,  October  21,  1876,  to  show 
that  the  difficulty  was  in  M.  Drouillet  not  being  able  to  sep- 
arate what  was  authentic  from  what  was  illusory.  Two 
French  expeditions  were  subsequently  sent  to  the  basin  of 
the  Gulf  of  Darien  ;  the  first  year  they  elaborated  a  plan  of 
a  sea-level  canal  from  the  water-shed  of  the  Gulf  of   Darien 
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to  the  Atlantic  coast,  with  a  proposed  tunnel  of  indefinite 
length,  and  without  visiting  the  Atlantic  terminus.  I  dis- 
cussed this  roiite  before  the  American  Geographical  Society, 
Nov.  12,  1878.  The  second  3'ear  they  paid  a  brief  visit  td 
the  same  region,  lost  several  of  their  party  through  sick- 
ness, then  visited  the  valley  of  the  Chepo,  before  mentioned, 
and  took  a  dozen  cross-sections  along  the  line  of  the  Panama 
Railroad.  From  these  cross-sections  plans  were  produced 
for  the  consideration  of  the  sea-level  canal  at  Panama,  which, 
on  their  presentation  to  the  Paris  Congress,  elicited  the 
iinqualified  ad-miration  of  M.  de  Lesseps.  The  history  of 
the  Congress  will  be  found  in  brief  in  the  reports  of  Civil 
Engineer  Menocal  and  myself  to  the  Secretary  of  State,  pub- 
lished in  1879,  titled  "Instructions  to  Rear  Admiral  Ammen," 
etc.  I  quote  from  my  report :  "  That  personal  interests, 
arising  from  a  concession  for  the  construction  of  a  canal,  are 
unfavorable  to  a  relative  consideration  of  natural  advan- 
tages as  between  two  or  more  routes ;  that  such  personal 
interests  did  exist  was  quite  apparent  from  first  to  last ;  and 
the  '  concession '  was  partially  discussed  or  alluded  to, 
especially  in  the  committees  or  sub-committees." 

"That  the  discussion  in  Paris  has  shown  that  hereafter 
in  the  examination  of  the  question,  only  the  Nicaragua  and 
the  Panama  routes  need  critical  e.Kamination,  and  that  suffi- 
cient information  exists  as  to  all  other  routes." 

"That  a  canal  a  niveau  by  the  Isthmus  of  Panama,  either 
with  or  without  a  tunnel,  has  been  shown  to  be  hopelessly 
impracticable,  if  considered  as  a  commercial  question,  and 
a  general  and  special  knowledge  now  exists  among  Euro- 
pean engineers  relative  to  the  subject  of  a  ship  canal  across 
the  American  Continent,  which  did  not  exist  prior  to  the 
assemblage  of  the  Congress  in  Paris." 

I  recall  the  well-known  fact  that  the  ablest  hydraulic 
engineers  of  the  Society  of  Paris  did  not  support  Lesseps  in 
his  sea-level  canal  project,  yet,  of  course,  he  had  a  "  ma- 
jority," but  that  did  not  give  him  a  moneyed  support.  Fail- 
ing in  that,  a  month  later,  he  announced  that  he  would  soon 
go  to  Panama  "to  see  for  himself,"  and  then  be  able  to 
inform  the  French  people  just    what  the   canal  would  cost. 
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Early  in  December  he  reached  Panama,  accompanied  by- 
several  engineers  and  contractors.  Soon  after  his  return  to 
France,  the  "  American  Presidency  of  the  Panama  Canal  Com- 
pany," as  it  was  styled,  was  offered  to  General  Grant,  with 
a  salary  of  160,000  francs.  In  declining  the  offer,  the  Gen- 
eral stated  that,  however  desirous  he  was  of  identifying  him- 
self with  the  construction  of  an  inter-oceanic  canal,  he  was 
not  willing  to  do  so  with  any  project  that  would  end  in 
failure.  Then  the  position  was  given  to  the  "  American 
Minister  of  Marine,"  and  his  acceptance  trumpeted  as  a 
quasi-endorsement  of  the  canal  by  our  Government.  The 
entire  newspaper  press  of  France  was  "  subsidized,"  that 
nothing  might  be  published  that  was  not  approved  by  M. 
de  Lesseps.  I  have  recent  information  that  the  proprietors 
of  one  of  the  great  Parisian  journals  received  300,000  francs 
for  their  aid  in  deceiving  the  French  people.  Then  the  pro- 
verbial French  stockings  were  emptied  into  his  lap.  He 
said  a  sea-level  canal  was  demanded  by  the  public,  and  he 
was  sponsor  for  it. 

On  reaching  home  from  the  Paris  Canal  Congress  I  wrote 
to  General  Grant,  who  was  then  in  Japan,  urging  him  to  take 
hold  of  the  construction  of  the  Nicaragua  Canal  to  secure 
our  great  national  interests,  and  received  a  telegram,  and 
later  a  letter,  that  he  would  do  so,  but  unhappily,  soon  after 
his  arrival  in  Philadelphia,  he  was  swerved  from  his  piir- 
pose.  In  "  Recollections  of  Grant,"  published  in  the  North 
American  Review,  October,  1885,  will  be  found  something  of 
interest  as  to  this.  Had  he  remained  firm  in  his  purpose 
there  is  hardly  a  doubt  that  the  canal  would  have  been 
completed  vears  ago.  In  the  same  monthly,  of  February, 
1 88 1,  will  be  found  a  long  paper  by  him  on  this  subject 
which  closes  as  follows  : 

"  I  have  formed  the  opinions  expressed  in  this  article  not 
from  a  hasty  consideration  of  the  subject,  and  not  without 
personal  observation.  While  commanding  the  Army  of 
the  United  States,  my  attention  was  drawn  to  the  import- 
ance of  the  water  communication  that  I  have  discussed. 
During  my  administration  of  the  Government,  I  endeavored 
to  impress  upon  the  country  the  views  I  then  formed,  and  I 
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shall  feel  that  I  have  added  one  more  act  of  my  life  to  those 
I  have  already  recorded,  if  I  shall  succeed  in  impressing 
upon  Congress  and  the  people,  the  high  value,  as  a  com- 
mercial and  industrial  enterprise,  of  this  great  work,  which* 
if  not  accomplished  by  Americans,  will  undoubtedly  be 
accomplished  by  some  one  of  our  rivals  in  power  and  influ- 
ence*." 

A  month  before  the  meeting  of  the  Paris  Canal  Congress, 
M.  Blanchet,  an  emissary  of  Lesseps,  returned  from  Nica- 
ragua. A  very  favorable  concession  for  the  construction  of 
the  Nicaragua  Canal  was  agreed  upon  between  the  execu- 
tive department  and  himself,  which  failed  in  being  con- 
firmed by  only  one  vote  in  the  Senate.  Soon  after  M.  de 
Lesseps  left  Paris  for  Panama,  in  the  November  following 
the  Congress,  "to  see  for  himself,"  information  was  received 
that  M.  Blanchet  would  soon  leave  for  Nicaragua  to  make 
another  attempt  to  secure  the  concession  that  had  just 
slipped  through  his  fingers.  To  forestall  this,  the  late  S.  L. 
Phelps,  who  died  while  acting  as  our  minister  in  Peru  some 
years  ago,  formed  a  provisional  association  and  sent  an 
agent  to  Nicaragua,  who  arrived  only  two  days  in  advance 
of  Blanchet,  and  secured  as  favorable  a  concession  as  was 
desired. 

No  sooner  were  the  Panama  and  Nicaragua  Canal  pro- 
jects formulated  than  Captain  Eads  appeared  upon  the  scene 
and  proposed  a  ship  railway  across  the  Isthmus  of  Tehuan- 
tepec,  and  an  endowment  of  $60,000,000  to  be  paid  as  sec- 
tions were  completed,  in  guaranteed  bonds,  counting  the 
navigable  parts  of  rivers  as  sections,  which  were  nearly 
navigable  without  improvement.  He  had  a  special  com- 
mittee appointed  for  the  consideration  of  the  canal  question, 
and  actually  nearly  captured  a  majority  to  grant  him  guar- 
anteed bonds  to  build  his  ship  railway,  and  under  this  con- 
dition the  supposed  majority  of  the  committee  was  willing  to 
report  a  bill  to  incorporate  the  Nicaragua  Canal  without 
any  guarantee  whatever.  The  attempt  to  report  the  Eads 
bill  failed,  and  thereafter  Eads  and  his  following,  and  the 
people  in  Lesseps  interest,  headed  b}'  the  "American  Syndi- 
cate," endowed  with  an  annuitv  of  half  a  million  of  dollars, 
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held  watch  and  ward  to  prevent  the  Nicaragua  bill  being 
brought  up,  a  very  easy  thing  to  do  under  the  rules  of  the 
House. 

To  the  ordinary  observer  of  transportation,  and  to  those 
conversant  with  navigation,  if  the  question  is  regarded  in  a 
commercial  sense,  and  the  danger,  if  not  impossibility  of 
transporting  a  ship  and  her  cargo  across  an  elevation  ai  735 
feet,  with  steep  and  varying  grades,  a  distance  of  1 50  miles, 
a  comparison  of  economy  with  her  transportation  through  a 
canal,  having  a  satisf actor}'  lockage  of  iio  feet  elevation, 
requiring  an  excavated  prism  of  less  than  forty  miles  in 
length,  as  was  then  known,  seems  absurd  on  its  face.-  No 
ship-builder  in  the  country  endorsed  his  ship  railway  as 
practicable,  and  no  insurance  company  expressed  a  willing- 
ness to  take  risks,  yet  Captain  Eads  had  the  indorsement  of 
engineers  and  others  who  should  have  known  better.  I  in- 
vited the  opinions  of  prominent  ship-builders  and  engineers 
in  our  country,  and  they  were,  without  exception,  entirely 
unfavorable  to  a  ship  railway.  They  stated  in  general,  that  a 
new  strong  ship  would  have  her  cargo  taken  out,  or  at  least 
a  considei-able  part  of  it,  before  being  docked,  and  that  great 
diiificulty  would  be  found  in  making  a  solid  road-bed,  and 
still  greater  in  having  it  so  level  as  to  distribute  the 
weights  equally  on  the  axles,  failing  in  which  they  would 
give  way.  They  regarded  the  idea  as  impracticable,  yet 
Captain  Eads  would,  in  addition,  subject  the  vessel,  with  a 
full  cargo,  to  the  percussive  effect  in  transit,  and  give  her  a 
journey  over  hills  more  than  735  feet  high,  going  at  a  rate 
of  eight  or  ten  miles  an  hour,  with  a  road-bed,  as  his  engi- 
neer said,  "  of  at  least  two  feet  of  broken  stone."  The  ship 
railway  required  several  enormous  turn-tables  to  change 
direction,  that  had  to  be  floated  by  water,  and  then  turned 
and  lowered  again  on  a  solid  flooring,  yet  this  ship  railway 
was  proposed  "  to  save  time  and  money  in  transit,"  as  com- 
pared with  a  canal  having  an  excavated  prism  of  less  than 
one-third  of  the  length  of  the  proposed  ship  railway  and  a 
lockage  of  less  than  one-sixth  of  its  height.  The  late  Col. 
John  G.  Stevens,  and  the  late  W.  W.  Evans,  both  engineers 
of  world-wide  reputation,  wrote  me  their  ideas  that  will  be 
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found  in  pamphlets  published  by  me,  copies  of  which  I  have 
presented  to  the  Franklin  Institute.  At  different  times  I 
exposed  the  impracticability  of  the  Eads  ship  railway  iij 
the  daily  prints.  I  received  several  visits  soon  after,  from  a 
young  gentleman  who,  as  he  informed  me,  was  an  "  asso- 
ciate of  Eads  "  and  who  was  desirous  that  I  should  join  the 
raihVay  scheme,  as  it  would  be  much  more  economical  than 
a  canal  in  the  transportation  of  ships.  I  said,  in  reply,  that 
this  was  just  what  I  objected  to,  to  wit:  its  entire  lack  of 
economy,  even  were  it  practicable;  that  with  the  experience 
of  an'  old  seaman  I  did  not  believe  that  a  laden  ship  could 
be  taken  across  on  a  ship  railway  and  float  on  being  put 
into  the  water.  Nevertheless,  I  added,  as  there  might  be 
an  honest  difference  of  opinion,  and  as  a  fact,  I  did  not  wish 
to  oppose  Eads  so  long  as  his  project  would  not  be  detri- 
mental to  great  national  interests,  I  had  no  objection  to,  and 
would  not  oppose  any  bill  giving  Captain  Eads,  as  a  doiais,  just 
as  much  as  the  toll  dues  received  for  the  transportation  of 
all  American  ships  carrying  cargoes,  having  a  gross  weight 
or  displacement  of  2,000  tons  or  more,  until  the  Captain 
received  in  full,  and  as  a  bonus,  all  that  he  asked  for  on 
guaranteed  bonds.  This  suggestion  was  rejected  with 
scorn,  and  confirmed  me  in  the  belief  that  Eads  wished  the 
Government  to  bear  the  loss  of  an  experiment  which  would 
at  least  yield  to  him  and  his  associates  possession  of  a  four- 
track  railroad,  very  substantially  built  on  a  Government 
guarantee  of  bonds,  and  a  line  of  traffic  for  grain  and  other 
commodities  very  much  better  situated,  geographicallv  and 
otherwise,  than  the  Panama  Railroad.  In  all  this  contention 
with  Captain  Eads  I  was  not  able  to  get  him  to  produce  a 
profile,  yet  the  Eads  influence  embarrassed  those  interested 
in  the  construction  of  the  Nicaragua  Canal  to  the  time  of 
his  death  in  March,  1887,  covertly  aided  by  the  American 
Syndicate  with  its  annuity  of  $500,000  "  to  maintain  Ameri- 
can Neutrality  !"  They  had  the  adventitious  aid  of  a  pre- 
tended friend  to  the  Nicaragua  Canal  Association,  but  an 
insidious  foe,  not  to  the  construction  of  the  canal,  but  aiding 
in  the  prevention  of  an  act  of  incorporation  through  covet- 
ing the  construction  bf  the   canal    as    a  Government  work, 
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and  this  was  no  less  a  personage  than  the  Secretary  of 
State. 

After  the  expiration  of  the  concession  in  September.  1884, 
at  the  invitation  of  the  State  Department,  General  Zavala, 
a  former  President  of  Nicaragua,  a  gentleman  of  great  ability 
and  character,  came  to  Washington  to  negotiate  a  treaty 
looking  to  the  construction  of  a  canal  as  a  Government  -^ork. 
Whatever  influence  I  and  some  other  former  associates  had 
with  him  was  directed  towards  favoring  the  Secretary  of 
State. 

The  apparent  feebleness  of  the  Association  that  held  the 
Nicaragua  Canal  concession  grew  out  of  the  fact  that  it  was 
composed  entirely  of  persons  who  appreciated  the  neces- 
sity of  securing  the  construction  of  the  canal  in  a  manner 
not  adverse  to  American  interests.  They  were  willing  at 
any  time  to  deliver  over  their  franchises  to  the  Government, 
had  it  been  possible,  or  to  have  the  work  done  themselves, 
and  only  asked  an  act  of  incorporation  from  Congress  with- 
out any  guarantee,  until  they  found  themselves  confronted 
in  prevention  by  the  two  great  engineers,  M.  de  Lesseps  and 
Captain  Eads.  A  guarantee  of  three  per  cent,  was  then 
asked,  to  be  operative  only  when  the  canal  itself  was  opera- 
tive or  doing  its  work  for  a  period  of  twenty  years.  This 
meant  only  an  assured  protection  of  the  canal  by  the 
Government. 

However  questionable  the  proceedings  of  Mr.  Frelino-- 
huysen  were,  and  regardless  of  personal  rights,  the  members 
of  the  Association  would  not  have  felt  that  their  efforts  had 
been  in  vain  had  thev  ended  in  the  Government  securino- 
to  itself  the  actual  construction  of  the  canal.  But  Mr. 
Frelinghuysen  was  not  able  to  have  the  treaty  confirmed. 
It  is  supposed  to  have  been  opposed  by  the  powerful  influ- 
ence of  the  incoming  Administration,  and  subsequently 
withdrawn  by  it,  as  stated  at  the  time  in  the  public  prints, 
for  consideration  or  modification.  The  next  Congress  was 
informed  in  the  President's  Annual  Message,  in  December, 
that  the  treaty  would  not  be  again  presented  for  confirma- 
tion. It  was  not  thought  worth  while  to  ask  of  Nicaragua 
any  amendments.     It  was  supposed  by  our  vState  Depart- 
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ment  to  be  only  worthy  of  being  trampled  under  foot,  but 
being  trampled  under  foot  by  our  Government  would  only 
give  an  undoubted  advantage  to  the  citizens  of  any  other 
government  to  obtain  a  concession,  and  aided  in  any 
effective  way  b)^  their  government  occupy  this  vantage 
ground  to  our  detriment,  as  General  Grant  suggested  would 
occur,  should  it  be  neglected  by  us,  and  this  certainly  would 
have  occurred  had  it  not  been  for  the  subsequent  prompt 
action  of  citizens  of  the  United  States. 

Much  that  I  have  said  would  have  little  relevancy  to 
Isthfnian  transit,  were  it  not  that  it  shows  beyond  question 
that  the  impediments  in  the  way  of  the  construction  of  the 
Nicaragua  Canal  have  not  been  of  a  physical  nature,  but 
vile  machinations,  which  yet  continue.  In  March,  1887, 
when  Eads  was  expending  his  dying  efforts  in  opposing  the 
passage  of  an  act  of  incorporation  for  the  Nicaragua  Canal 
Company,  and  M.  Colne,  the  Secretary  of  the  American  Syn- 
dicate, "  to  maintain  the  neutrality  of  our  Government  " 
through  its  annuity  of  $500,000,  was  in  Washington,  doubt- 
less to  aid  in  preventing  the  passage  of  the  bill,  Colne  gave 
out  a  telegram,  received  from  Paris,  that  "  M.  de  Lesseps 
would  be  gratified  to  see  the  Nicaragua  Canal  constructed ; 
the  water  being  fresh,  would  serve  for  irrigation,  but  no 
vessel  would  pass  through  it ;  they  would  prefer  a  Cape 
Horn  voyage."  It  was  well  known  to  us,  that  for  months 
before,  the  only  "  plan  "  then  entertained  for  the  construc- 
tion of  the  Panama  Canal  was  for  a  lockage  of  about  1 50 
feet  elevation,  and  for  a  draught  of  water  of  only  about 
fifteen  feet.  Had  the  Panama  Canal  opposition  ceased  with 
this,  I  would  have  had  little  if  anything  to  say  of  it,  but  it 
continues  in  one  form  or  another,  aided  by  influences  from 
other  quarters,  the  effects  of  which  at  least  are  apparent. 
A  telegram  from  London,  published  in  tire  Washington 
Star,  of  July  9th,  states  : 

"  Arms  and  money  have  been  poured  into  Costa  Rica,  and 
she  is  in  a  far  better  condition  for  war  than  Nicaragua.  It 
can  be  guessed  where  such  opportune  aid  came  from,  and 
while  it  cannot  be  expected  that  the  parties  interested  will 
openly  acknowledge  their  implication,  there  is  open  rejoic- 
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ing  in  Paris  at  the  promise  of  serious  complications.  A 
former  power  on  the  Bourse,  who  has  been  almost  as  com- 
pletely wrecked  by  the  collapse  of  the  Panama  Canal  shares, 
as  M.  Secretan  was  by  the  copper  speculation,  says :  '  From 
the  inception  of  the  Panama  Canal  scheme  the  United 
States  has  proved  its  most  bitter  and  relentless  enemy.  By 
its  irritating  and  threatening  references  to  the  ill-defined 
and  impudent  ]Monroe  doctrine,  it  prevented  the  investment 
of  English  capital  in  the  enterprise,  and  deprived  it  of  the 
benefit  of  that  English  conservatism  that  would  have  so 
admirably  supplemented  French  genius  and  secured  a  bril- 
liant success  for  the  greatest  triumph  of  man  over  nature. 
It  cannot  be  expected  that  we  will  sit  with  folded  hands  and 
see  the  results  of  our  labor  and  expenditure  rendered  nuga- 
tor\',  as  it  would  be  by  the  completion  of  a  canal  through 
Nicaragua.  We  do  not  believe  that  the  United  States 
will  make  war  upon  Costa  Rica  for  the  benefit  of  a  private 
company,  which  State  would  be  placed  in  position  of  defend- 
ing rights  which,  as  a  State,  she  had  never  surrendered." " 
I  have  no  faith  in  this  idea  that  men  can  "  triumph  over 
nature."  It  was  this  vain  attempt,  not  the  United  States, 
as  a  bitter  relentless  enemy,  that  destroyed  the  Panama 
Canal.  All  that  men  can  do,  in  my  belief,  is  to  study  closely 
and  execute  in  their  interest  what  nature  favors  or  permits, 
as  we  shall  see  Humboldt  said  long  ago  in  relation  to 
Nicaragua.  Our  countrymen  would  not  believe  that  the 
United  States  were  "  making  war  for  the  benefit  of  a  com- 
pany," were  it  declared  in  the  most  emphatic  manner,  by 
force,  if  necessars-,  that  the  concessionary  rights  granted  by 
both  republics  referred  to,  would  be  sustained  and  protected 
in  the  most  ample  manner,  and,  on  the  other  hand,  see  to  it 
that  the  canal  company  should  fulfil  all  of  the  obligations 
entered  into,  and  imposed  upon  it  by  the  terms  of  the  con- 
cessions. Any  other  course  would  leave  the  company  open 
to  perpetual  embarrassments  by  European  speculators,  in 
the  hope  eventually  of  bankrupting  it  and  getting  the  benefit 
not  only  of  the  marked  physical  conditions  shown  to  exist, 
the  results  of  thorough  surveys,  but  also  of  all  the  labor  and 
material  expended  up  to  the  time  of  failure.  The  interests 
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of  a  canal  company,  however  large,  will  be  a  mere  fractional 
part  of  the  great  collateral  interests  that  will  grow  up,  even 
in  anticipation  of  the  completion  of  the  canal. 

A  telegram  from  Panama,  dated  October  15th,  announcos 
that  the  Siwa  Canal  Company  has  arranged  with  the 
government  of  Guatemala  for  the  purchase  of  a  railroad  to 
be  completed  from  the  Atlantic  to  the  Pacific,  and  to  put 
into  that  country  $21,312,000  in  gold.  As  railroad  men 
express  it,  this  is  "to  parallel  the  Nicaragua  Canal."  With 
what  has  just  been  said,  in  relation  to  Costa  Rica,  my 
hearers  will  not  be  slow  to  perceive  in  this  movement  the 
fine  hand  of  M.  de  Lesseps,  the  President  of  the  Suez  Canal 
Company.  It  is  not  unlikely  that  our  Government  -may  find 
itself  compelled  to  repress  hostilities  on  either  side  of 
Nicaragua,  incited  by  the  Eastern  diplomacy  of  M.  de 
Lesseps.  The  railroad  in  itself,  passing  over  an  exceed- 
ingly rough  country  at  an  elevation  of  not  less  than  5,000 
feet,  and  a  length  not  less  than  300  miles,  would  hardly 
"  handicap  "  such  a  work  as  the  Nicaragua  Canal ;  but  it  is 
plainly  an  indication  that  Suez  Canal  influence  and  money 
will  be  used  to  "  bull "  and  to  "  bear "  Nicaragua  Canal 
stock,  should  it  be  issued  upon  such  a  financial  basis  as 
would  permit  it. 

■  In  looking  at  the  construction  of  a  canal  across  the 
Isthmus,  the  health  question  will  be  found  the  most 
important,  even  in  a  commercial  point  of  view,  and  the 
humanitarian  will  be  pleased  to  know  that  there  is 
perhaps  no  country  on  the  globe  where  the  canal  could 
be  made,  with  less  loss  of  life  from  disease  than  on  the 
route  of  the  Nicaragua  Canal  as  now  located.  It  lies 
between  latitude  12°  and  io>4°  north,  directly  in  the  trade 
wind  belt  and  has  an  extreme  range  of  temperature 
throughout  the  year  of  but  17°,  which  we  all  know  is  less 
than  a  usual  daily  change  with  us,  for  a  lai'ge  number  of 
days  in  every  month  in  the  year.  The  general  direction 
from  Greytown  to  Brito  is  a  little  north  of  west,  and  the 
natural  summit  above  full  lake  is  only  forty-three  feet. 
Owing  in  part  to  the  high  mountains  that  lie  at  some  dis- 
tance on  either  side  of  the  river  San  Juan,  which  is  the  out- 
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flow  of  the  lake,  a  funnel-shaped  entrance  is  given  to  the 
trade  winds  which  traverse  this  district  with  great  climatic 
advantage.  There  is  a  popular  idea,  and  unhappily  generally 
founded  in  fact,  that  human  life  in  the  tropics  is  ephemeral  in 
a  greater  degree  than  in  the  temperate  zone;  that  disease  and 
death  come  from  pestilential  air ;  that  beasts  of  prey  pounce 
upon  and  devour  the  wayfarer ;  that  deadly  serpents  lie  in 
the  tall  weeds  and  thorny  shrubs,  that  cover  the  ground 
beneath  enormous  trees,  thickly  canopied  with  vines  and 
leaves,  so  thick  that  the  rays  of  even  the  noon-day  sun  give 
only  an  obscure  light. 

The  pestilential  climate  of  Panama  is  indisputable : 
Puerto  Bello,  in  the  Gulf  of  San  Bias,  not  far  from  Aspin- 
wall,  was  abandoned  from  its  extreme  unhealthfulness,  and 
the  attempt  of  Paterson  to  colonize  at  Caledonia  Bay  was  a 
failure  quite  as  much  from  disease  as  from  the  fact  that  no 
practicable  waterway  was  to  be  found  across  the  Isthmus  at 
that  point,  and  no  portage  as  favorable  as  at  Panama. 

That  the  healthfulness  of  Nicaragua,  however,  is  excep- 
tional for  a  tropical  region,  as  I  shall  show  presently,  is 
well  established  as  a  fact. 

In  British  India  and  on  the  Island  of  Singapore,  statistics 
show  an  enormous  loss  of  life  through  the  ravages  of  wild 
beasts,  and  the  bites  of  deadly  serpents,  amounting  to  tens 
of  thoitsands  of  victims  yearly.  Although  the  jaguar  and 
cougar  abound  on  this  continent  from  the  boundary  of 
Texas  to  Patagonia,  they  do  not  attack  men,  and  although 
there  are  venomous  serpents  in  all  inter-tropical  America, 
thev  are  not  numerous,  and  are  an  imao-inarv  rather  than  a 
real  danger,  shown  from  the  fact  that  in  the  many  sur\^eys 
made  by  our  Government,  not  one  man  has  been  fatally 
bitten,  if  bitten  at  all.  The  wild  beasts  although  numerous 
were  never  seen,  even  in  their  haunts  in  the  thick  forests 
traversed  by  the  surveyors.  The  Chief  Signal  officer  of  our 
Government  adds  another  tribute  to  the  climate  of  this 
region,  from  his  observations:  "Exempt  from  hurricanes 
and  whirlwinds,  owing  to  the  constant  movement  of  air 
across  the  Isthmus  from  the  trade  winds,  although  light  in 
the  rainy  season."     When  this  canal  is  made,  as  it  doubt- 
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less  soon  will  be,  the  region  lying  between  the  lakes  and  the 
Pacific  will  be  the  great  sanitarium  of  Europe  and  the 
United  States,  as  it  will  then  be  easy  of  access  and  will  be 
found  to  fulfil  the  required  conditions  more  fully  than  any 
other  region  known. 

Seven  years  ago,  I  made  the  acquaintance  of  an  English 
gentleman,  who  asked  if  I  had  read  a  book  published  in 
London  some  years  before,  entitled  "  A  Naturalist  in  Nica- 
ragua." I  subsequently  read  the  book  with  great  interest 
and  instruction.  It  treats  of  the  healthfulness  of  the 
climate,  even  at  Greytown,  and  the  causes  of  it.  On  men- 
tioning this  to  Medical  Director  Maccoun,  of  the  Navy,  he 
informed  me  that  his  personal  observation  at  Greytown,  in 
relation  to  the  type  of  fever  at  that  port,  confirmed  the 
statements  of  the  writer  referred  to. 

It  was  quite  amenable  to  treatment  and  quite  different 
from  the  "pernicious"  and  other  deadly  fevers  that  afilict 
the  Isthmus  of  Panama.  In  the  sitting  of  the  Association 
for  the  Advancement  of  Science  in  the  city  of  New  York  in 
August,  1887,  Surgeon  Bransford,  of  the  Navy,  gave  his  ideas 
in  relation  to  the  causes  of  this  exceptional  healthfulness  of 
Nicaragua  as  compared  to  most  inter-tropical  countries.  He 
had  been  the  medical  officer  of  the  several  expeditions  sent 
to  Nicaragua,  and  was  competent  to  express  an  opinion  in 
relation  to  the  siibject.  He  had  also  been  on  the  Panama 
survey,  and  therefore  able  to  appreciate  the  wide  difference 
between  the  two  localities.  In  Deceinber,  1887,  sixty  sur- 
vej'ors  and  assistants  landed  at  Grevtown,  accompanied  by 
100  or  more  Jamaicans,  and  had  a  further  accession  of  force 
of  forty  natives.  The  rainy  season  prevailed  a  month  or 
more  beyond  the  usual  period,  and  during  that  time  they 
were  exposed  in  their  tents  and  in  the  forests,  engaged  in 
work  of  an  arduous  nature,  and  this  exposure  continued  for 
a  period  of  six  months  without  a  case  of  serious  illness  in 
the  entire  part}'.  What  was  remarkable,  the  Jamaicans 
were  far  more  liable  to  ailment  than  our  countrymen.  This 
climatic  difference,  so  well  established  as  not  to  admit  of 
dispute,  if  looked  at  only  in  a  commercial  point  of  view,  is 
of   immense   advantage  in  relation  to  the  execution  of  a 
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canal,  in  economy  of  time  and  money  in  Nicaragua,  and  the 
reverse  on  the  Isthmus  of  Panama. 

Sir  John  Hawkshaw  said  at  the  Paris  Congress,  in  dis- 
cussing the  Panama  Canal :  "  With  regard  to  the  question 
whether  the  canal  should  be  constructed  with  or  without 
locks,  the  following  points  occur  to  me — if  the  canal  is  to 
be  without  locks,  its  normal  service  level  would  be  that  of 
the  sea,  and  its  bottom  level  say  eight  metres  lower.  This 
being  the  case,  the  canal  would  receive  and  must  provide 
for  the  whole  drainage  transversed.  Therefore,  it  would  be 
necessary  to  ascertain  the  volume  of  water  that  would  drain 
into  the  canal  before  it  would  be  possible  even  to  determine 
the  sectional  area  of  the  canal.  If  the  canal  have  a  less  sur- 
face fall  than  the  river,  as  it  would  have,  it  must  have  a 
larger  sectional  area  to  discharge  the  same  volume  of  water. 
If,  from  such  considerations  as  the  foregoing,  it  should  be 
concluded  that  the  canal  should  be  constructed  so  as  to 
retain  the  rivers  for  natural  drainage,  then  recourse  will 
have  to  be  had  to  locks.  In  that  event  there  can  be  no  diffi- 
culty, in  my  opinion,  in  carrying  on  the  traffic  with  locks 
properly  constructed,  provided  there  is  an  ample  water  sup- 
ply, which  would  be  a  sine  qua  iwn." 

Sir  John  was  regarded  as  able  a  hydraulic  engineer  as 
was  known  in  Great  Britain,  and  attended  the  Paris  Canal 
Congress  at  the  instance  of  his  government.  Although 
what  he  said  were  axioms  with  hydraulic  engineers  the  world 
over,  and  his  points  were  stated  with  great  clearness,  yet  his 
words  had  no  raeaning  for  M.  de  Lesseps,  and  no  endeavor 
to  control  the  surface  drainage  of  the  Panama  Canal  has 
thus  far  been  attempted.  Abandoning  "temporarily,"  M. 
de  Lesseps  said  nearly  three  years  ago,  the  immediate  con- 
struction of  a  sea-level  canal,  his  "  plans  "  then  disregarded 
furnishing  the  lock  canal  with  a  permanent  water  supply  at 
the  summit,  and  proposed  pumping  up  thirty-three  feet  the 
deficiency.  We  know  that  in  very  dry  seasons  the  Chagres 
River  itself  will  furnish  an  inadequate  water  supply  at  1 24 
feet  above  sea,  the  height  proposed  by  Lull  in  his  plan. 

In  a  report  of  Lieut.  C.  C.  Rogers,  of  the  Navy,  recently 
published,  there  is  information  given  out  in  great  part  from 
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the  canal  company  at  Panama,  in  March,  1887.  The  state- 
ments are  very  like  reading  a  hopeful  account  of  a  sick 
patient  a  year  or  so  after  he  has  died.  On  page  31  is  found* 
"It  is  now  time  to  consider  the  dam  of  the  Chagres  at  Gamboa. 

*  *  *  The  central  line  of  the  dam  will  cross  the 
Chagres  at  a'  distance  of  500  metres  from  the  axis  of  the 
canal  at  the  forty-fifth  kilometre.  The  length  of  the  dam  at 
the  base  will  be  300  metres ;  the  level  of  its  crest  will  be 
plus  thirty-five  metres,  and  the  whole  dam  will  contain 
10,000,000  cubic  metres  of  material.  The  geology  of  the 
Gamboa  district  has  been  studied  during  the  past  year,  and 
it  has  been  found  that  the  weight  of  the  dam  when  com- 
plete will  be  sustained  by  the  ground  beneath  without  need 
of  piling  or  other  artificial  support."  The  Director-General 
assured  him  there  will  be  no  difficulty  or  expense  involved 
outside  of  the  dam  for  the  successful  formation  of  a  lake 
whose  volume  would  permit  an  accumulation  of  1,000,000,000 
cubic  metres  of  water  during  the  worst  rainy  season.  It 
woiild  seem  superfluous  to  suggest  what  would  happen  to 
the  canal  should  the  basin  not  prove  sufficient  to  hold  all  of 
the  water  "  of  the  worst  rainy  season,"  or  should  that  dam 
built  "  sustained  by  the  ground  beneath  without  need  of 
piling  or  other  artificial  support"  be  swept  away.  A  cata- 
cl3-sm  would  sweep  to  both  seas  and  destroy  every  vessel  in 
transit  and  every  living  being  along  the  line  of  canal.  But 
my  hearers  may  be  assured  that  dam  will  never  be  built. 

*  *  *  On  page  34  we  find:  "From  all  I  could  learn 
by  conversation  with  the  officials  it  does  not  seem  that  a  sea 
level  for  the  entire  canal  is  a  fact  of  the  future.  M.  Jacquier, 
the  Director-General,  told  me  that  a  lock  might  be  placed  in 
the  Culebra  cut ;  and  M.  Charles  de  Lesseps  remarked  to  me 
once  that  the  canal  could  be  finished  two  years  sooner  by 
building  a  lock  at  this  point.  The  Director-General  subse- 
quently stated  that  if  a  lock  were  decided  upon  here  it  would 
be  only  with  the  agreement  that  at  some  stated  time  in  the 
future  the  company  should  be  allowed  to  remove  it  and 
excavate  the  cut  to  the  depth  of  nine  metres  below  the 
water  line,  thus  making  the  canal  a  sea-level  route  for  its 
whole  length.     In   the  present  uncertainty  and  even  doubt 
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as  to  the  construction  of  a  lock,-  no  plans  for  it  have  been 
made." 

Notwithstanding  the  difficulties  that  have  thus  far  beset 
M.  de  Lesseps  and  his  canal,  his  ingenuitv  or  that  of  his 
able  engineers  has  not  been  exhausted ;  although  the  dam 
will  not  be  built,  nor  will  water  be  pumped  up  thirty-three 
feet  to  the  summit,  it  is  intended  that  ships  "  shall  get  there 
all  the  same."  I  learn  through  a  friend  that  M.  Colne,  the 
Secretary  of  the  American  Canal  Syndicate,  has  just  arrived 
from  Paris,  where  he  is  supposed  to  have  gone  to  confer 
with  M.  de  Lesseps.  He  states  that  the  canal  may  be 
constructed  at  the  sea  level,  save  in  the  deep  cut  of  which 
the  Culebra  forms  a  part ;  there  they  may  have  a  ship  rail- 
way some  five  miles  in  length,  or  perhaps  reaching  to 
Panama  Bay.  Chacun  a  son  goiU  is  a  French  proverb,  and 
there  is  no  reason  why  M.  de  Lesseps  should  not  indulge 
his  taste. 

M.  de  Lesseps  knows  now,  that  the  "  'prentice  hand  "  of 
engineers  may  excavate  at  a  grade  of  45°;  they  do  not 
"  establish  "  it ;  nature  then  insists  in  putting  on  the  finish- 
ing touches,  month  after  month,  until  she  is  satisfied  with 
the  grade.  The  huge  masses  on  the  deep  cut  have  slowly 
approached  each  other,  through  the  effects  of  hydrostatic 
pressure  and  gravitation,  and  this  would  be  the  more  pro- 
nounced the  deeper  the  cuts  were  made.  Fifteen  years  ago, 
the  Superintendent  of  the  Panama  Railroad  answered  an 
inquiry  why  he  had  such  steep  grades  at  the  summit  when 
so  little  cutting  would  be  required  to  lessen  them,  by  stat- 
ing, that  the  cut  had  not  been  deepened  on  account  of  the 
extreme  tendency  of  the  land  to  slide,  and  added  that  on 
one  occasion  a  slide  nipped  a  train  on  the  summit  and  it 
required  days  to  dig  it  out,  and  this  had  to  be  done  by 
hauling  up  the  mud  in  buckets.  Freeing  a  ship  stuck  in  the 
mud  by  a  landslide  would  be  quite  a  serious  affair,  and  for 
years. 

In  the  North  American  Review,  of  January,  1880,  M.  de 
Lesseps  gave  his  views  on  the  Panama  Canal,  in  which  he 
states :  "  I  do  not  hesitate  to  declare  that  the  Panama  Canal 
will  be  easier  to  begin,  to  fini,sh,  and  to  maintain,  than  the 
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Canal  of  Suez."  Nearly  ten  years  later,  the  correspondent 
of  the  New  York  Tit/us,  vSeptember  9th,  gives  his  observa- 
tions:  "For  twenty-five  cents  of  Colombian  silver  one  may 
hire  a  small  one-horse  victoria,  with  a  negro  driver,  to  take 
you  to  the  mouth  of  the  canal  at  Panama.  The  drive  is 
about  two  miles,  on  a  road  well  shaded  with  all  varieties  of 
tropical  trees,  and  is  well  worth  taking,  even  if  you  do  see 
nothing  but  a  dirty  ditch  at  the  other  end.  The  work  at 
this  'show  point,'  so  to  speak,  was  so  slovenly  done  that  it 
is  difficult  to  distinguish  the  lines  of  the  canal  at  high 
water,  and  at  low  tide  it  has  no  more  water  than  a  New 
Jersey  mud  flat.  Further  inland,  passing  a  few  dredgers, 
the  bed  of  the  cut  becomes  a  pasture  for  the  cattle  in  the 
vicinity,  and  a  few  steps  further  along  bring  you  to  banana 
trees  growing  in  the  '  track  of  the  future  commerce  of  the 
world."  On  the  entire  line  there  are  now  employed  100 
men.  They  are  watchmen  and  others  who  carry  paint  pots 
to  paint  the  hundreds  of  rusting  engines.  Near  the  Culebra 
cut  there  must  be  fifty-odd  fine  engines,  which,  with  their 
fresh  coats  of  paint,  present  quite  a  prosperous  appearance, 
in  strong  contrast  to  that  of  two  years  ago,  when  everything 
was  going  to  rack  and  ruin  through  criminal  neglect.  The 
engines  and  the  iron  work  I  formerly  saw  half  buried  in  the 
mud  at  the  foot  of  the  mountain,  are  now  out  of  sight, 
probably  to  be  unearthed  by  future  generations  of  canal- 
builders,  and  to  be  regarded  as  evidence  of  the  ingenuity  of 
their  ancestors  as  far  back  as  the  nineteenth  century.  How 
the  French  storekeeper  accounts,  even  on  paper,  for  his 
material,  is  a  mystery  even  to  an  army  quartermaster. 
Engines  here  on  their  backs  and  engines  there  on  their 
sides  may  all  be  accounted  for,  even  if  the  chaos  of  the 
Culebra  cut  does  not  remind  one  of  the  Johnstown  disaster, 
but  for  the  buried  iron  work  and  machines  he  has  only  one 
recourse — to  dig  down  to  them  now,  while  they  are  not  deep 
under  ground,  attach  a  chain  to  them,  having  on  the  upper 
or  surface  end  an  automatic-sounding  buoy,  to  determine 
their  position  in  the  next  overflow  of  the  Chagres,  and  to 
continue  the  same^  plan  with  those  that  will  be  buried 
annuallv,  as  the  vears  roll  by." 
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We  may  turn  with  satisfaction  from  the  wretchedly  con- 
ceived and  mismanaged  affairs  at  Panama,  to  the  ideas  of 
the  great  Humboldt,  who  visited  this  continent  ninety  j-ears 
ago.  Seventy-five  years  ago,  he  wrote  upon  "the  practi- 
cability of  a  water  communication  between  the  Atlantic 
and  Pacific  Oceans,"  to  be  found  in  his  personal  narrative, 
published  in  London,  in  1826.  I  quote  his  words  :  "  It  would 
be  imprudent,  I  here  repeat,  to  begin  at  one  point  without 
having  examined  and  levelled  others  ;  and  it  would  be  above 
all  to  be  regretted  if  the  work  were  undertaken  on  too  small 
a  scale ;  for  in  works  of  this  description  the  expense  does 
not  augment  in  proportion  to  the  section  of  the  canals,  or 
the  breadth  of  the  water  channel.  *  *  *  The  Isthmus 
of  Nicaragua,  by  the  position  of  its  inland  lake,  and  the 
communication  of  that  lake  with  the  Atlantic  by  the  Rio 
San  Juan,  presents  several  featiires  of  resemblance  with 
that  neck  of  land  in  the  Scotch  Highlands,  where  the  River 
Ness  forms  a  natural  communication  between  the  mountain 
lakes  and  the  Gulf  of  Murray.  At  Nicaragua,  as  in  the 
Scotch  Highlands,  there  would  be  but  one  narrow  ridge  to 
pass  over ;  for  if  the  River  San  Juan  in  a  great  part  of  its 
course  is  from  twenty  to  forty  feet  deep,  as  is  asserted,  it 
would  only  require  to  be  rendered  navigable  by  means  of 
weirs  or  lateral  canals.  *  *  *  It  appears  somewhat 
probable  that  the  province  of  Nicaragua  will  be  fixed  upon 
for  the  great  work  of  the  junction  of  the  two  oceans;  and 
in  that  case  it  will  not  be  necessary  to  form  a  line  constantly 
navigable.  The  Isthmus  to  be  passed  over  is  only  from  four 
to  five  marine  leagues;  there  are  some  hills  in  the  narrowest 
part  between  the  western  bank  of  the  Lake  of  Nicaragua 
and  the  Gulf  of  Papagayo."  At  the  time  Humboldt 
wrote  what  has  been  quoted,  no  instruments  of  precision,  as 
far  as  known,  had  been  used  on  any  part  of  the  several 
routes  named  by  him  as  worthy  of  examination.  It  seems 
wonderful  that  the  prescience  of  this  great  man  should 
have  enabled  him  to  name  not  only  the  locality  favored  by 
nature  for  the  construction  of  a  ship  canal,  but  as  well  the 
actual  plan  of  development,  analogous  to  the  Caledonia 
Canal,  of  which  he  makes  mention  and  looked  upon  with 
admiration. 
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The  Paris  Canal  Congress  had  before  it  all  of  the  infor- 
mation relating  to  the  Panama  route  made  known  to  us 
through  our  surveys,  to  which  apparently  little  has  been 
added  of  practical  value  by  the  French,  and  it  had  also  all 
that  we  then  knew  in  relation  to  the  Nicaragua  route,  which 
was  then  insufficient  to  warrant  a  development  analagous 
to  the  Caledonia  Canal,  which  further  examinations  permitted 
to  a  greater  degree  of  advantage  than  the  Caledonia  Canal 
itself.  Any  of  my  hearers  can  assure  themselves  at  their 
leisure  of  this  fact  by  a  patient  examination  of  the  Engineer- 
ing Neics  of  September  14th.  The  profile  and  plans  are 
given  in  detail,  and  do  not  require  an  engineer  to  understand 
them;  they  are  clearly  comprehensible  to  any  one  who  will 
take  the  pains  to  examine  them  carefully  and  read  the  text 
relating  to  them. 

The  length  of  transit  from  sea  to  sea  is  170  miles  in  a 
north  by  west  direction  from  Greytown,  the  Atlantic 
entrance ;  there  are  three  locks  on  each  side,  and  the  eleva- 
tion of  the  lake  above  sea  1 10  feet,  as  maintained  by  a  dam 
sixty-four  miles  down  the  San  Juan  River,  the  outflow  of  the 
surplus  waters  of  the  lake.  By  means  of  this  dam  and 
embankments,  the  lake  level  is  extended  over  a  distance  of 
152  miles,  of  which  there  is  free  navigation  in  the  lake, 
river,  and  basins  of  143  miles,  and  in  excavation,  nine  miles  ; 
the  excavations  at  the  sea  level  are  designed  to  have  a  sur- 
face width  of  320  feet  and  thirty  in  depth,  making  a  fair 
rate  of  speed  practicable  for  vessels,  and  to  pass  each  other 
in  transit.  On  the  Atlantic  side,  where  the  sea-level  canal 
to  the  first  lock  will  be  eleven  miles,  there  is  a  diurnal  tide 
of  only  twenty  inches.  Were  it  twenty  feet,  as  at  Panama, 
it  would  require  a  tide-lock  to  prevent  scour  and  deposits. 
The  country  is  entirely  flat,  and  the  heavy  embankments  of 
the  material  excavated,  flumed  to  200  yards  or  more  from  the 
line  of  canal,  will  make  the  surface  drainage  actually  only 
that  which  falls  on  the  area.  This  is  a  marked  contrast 
with  the  great  si:rface  drainage  that  would  damage  every 
mile  of  the  Panama  Canal  were  it  built.  Long  weirs  on  the 
basin  of  the  San  Francisco  River,  and  on  the  right  bank  of 
the  River  San  Carlos  as  proposed,  will  effectually  protect  the 
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rivers  and  basins  from  the  effects  of  surface  drainage.  The 
two  axioms  of  hydraulic  engineers,  abundant  water  supply 
and  good  surface  drainage,  are  perhaps  better  met  on  this 
line  of  transit  than  on  any  canal  of  the  same  length  on  the 
globe. 

The  time  supposed  necessary  to  effect  a  lockage  is  very 
greatly  exaggerated  in  the  pi:blic  mind.  At  the  Paris 
Canal-  Congress,  Sir  John  Hawkshaw  put  it  at  fifteen  min- 
utes. At  St.  Mary's  Falls,  where  our  Government  has  the 
largest  lift  lock  known,  with  a  lift  of  eighteen  feet,  a  lock- 
age can  be  effected  in  thirteen  minutes.  In  the  construction 
of  the  canal  there  is  a  deep  rock  cut  nearly  three  miles  long 
near  Greytown ;  a  good  part  of  the  material  will  be  required 
to  construct  a  considerable  mole  at  the  entrance  at  Greytown, 
and  a  dam  at  Ochoa ;  there  is  other  heavy  work  in  blasting 
and  in  deepening  a  part  of  the  river  and  lake.  Humboldt 
half  feared  that  the  cut  between  the  lake  and  the  Pacific 
might  be  considerable,  when  it  is  found  only  forty-three  feet 
above  full  lake,  and  quite  five  miles  of  the  navigable  dis- 
tance is  made  by  means  of  an,  embankment.  Looking  at 
the  deep  rock  cut  on  the  eastern  side,  near  Greytown,  it  is 
worth  while  to  bear  in  mind  that  making  it  is  purely  volun- 
tary, and  far  preferable,  as  a  choice,  to  excavating  less  than 
twenty  miles  of  additional  prism,  which  would  flank  all  deep 
cuts.  I  am  not  disposed  to  belittle  the  quantity  of  work 
that  will  be  required  to  construct  the  canal,  even  in  this 
locality,  so  favored  by  nature ;  especially  in  the  fact  that 
when  a  given  part  of  the  work  is  done,  it  will  not  be 
destroyed  or  even  seriously  increased  by  landslides  and 
washes.  Adding  much  to  the  economy,  and  quite  unlike 
Panama,  it  has  convenient  dumping  grounds  along  the 
whole  line,  and  every  part  of  the  work  can  be  attacked  with- 
out interference  as  soon  as  the  plant  is  in  place,  which  will 
require  time. 

In  the  Paris  Congress,  I  said  that  in  the  consideration  of 
a  ship  canal  across  this  continent,  we  may  well  suppose  that 
its  permanency  should  be  regarded  as  important  as  the 
selection  of  the  route  itself,  involving  the  least  cost  of  con- 
struction with   the  minimum  of  problems  of  doubtful  cost 
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in  the  execution  of  the  work.  With  these  points  assured, 
the  question  becomes  fairly  debatable  whether  the  physical 
conditions  are  to  be  considered  too  formidable  to  admit  of 
the  execution  of  the  work  as  a  commercial  or  monetary 
question — in  fact,  whether  a  grand  idea  for  the  amelioration 
of  the  great  commerce  of  the  world  can  be  piit  in  execution, 
or  perforce  abandoned,  through  the  existence  of  obstacles 
too  formidable  in  their  nature  to  overcome  them. 

With  the  facts  before  him,  as  presented  in  the  Engineer- 
ing Nezus,  of  September  14th,  an  engineer  can  form  an 
approximate  estimate  of  the  cost  of  the  canal.  If  money 
can  be  obtained  without  discount,  it  would  cost  one  sum,  if 
not,  quite  another  sum.  If  the  Government  should  take  a 
first  mortgage  by  guaranteeing  three  per  cent,  interest  on 
$100,000,000  bonds  for  a  term  of  years,  the  cost  would  be 
reduced  to  a  minimum,  so  far  as  the  money  question  is  con- 
cerned. If  the  companv  has  to  look  about  and  obtain  funds 
at  home  and  abroad,  without  other  guarantee  than  the  suc- 
cessful completion  of  the  work,  the  cost  of  the  execution 
of  the  canal  would  perhaps  be  widely  different.  In  this 
case,  the  traffic  of  the  world' passing  through  the  canal,  and 
not  the  company,  would  eventually  pay  the  difference  in 
that  much  additional  charge  on  toll  rates.  If  owing  to  this 
and  other  considerations,  the  canal  should  cost  $250,000,000, 
in  my  belief  it  would  not  be  the  less  munificent  in  its 
reward  to  stockholders.  With  its  moneyed  support  assured 
on  a  basis  of  three  per  cent,  bonds  at  par  as  issued,  the 
canal  including  interest  on  bonds,  should  not  cost  more 
than  $150,000,000,  if  indeed  that  much.  Should  the  com- 
pany fail,  the  Government  would  be  secured  as  a  private 
and  not  as  a  Government  owner.  It  could  then  complete 
the  work  with  entire  profit  to  itself,  and  control  it  as  an 
owner,  subject  of  course  to  all  of  the  obligations  and 
restrictions  that  the  company  entered  into  with  the  respec- 
tive governments  of  Nicaragua  and  Costa  Rica,  and  having 
no  other  rights  or  powers  than  belonged  to  the  company 
through  its  concessions.  As  the  collateral  benefits  that 
would  be  derived  from  the  construction  of  the  canal  to  the 
country  would  be  many  times  greater  than  the  benefits  the 
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company  would  derive  through  its  investment,  it  would 
seem  an  obligation  on  the  part  of  the  Government  to  enable 
the  company  to  raise  its  money  on  the  sale  of  stock  and 
bonds  without  discount,  the  more  as  it  would  have  ample 
security ;  a  guarantee  would  only  amount  to  a  substantial 
expression  as  to  the  commercial  practicability  of  the  canal 
when  completed,  and  as  stated  before,  the  toll  rates  being 
limited,  after  ten  years,  and  dependent  on  the  cost,  would 
actuallv  be  that  much  of  an  economy,  and  just  in  proportion 
as  it  would  free  the  company  from  a  larger  rate  of  interest 
and  from  the  operations  of  "  bulls  and  bears."  I  have 
already  shown  the  intrigues  of  the  Panama  Canal  Company, 
in  Costa  Rica,  and  AI.  de  Lesseps,  President  of  the  Suez 
Canal  Company,  shows  his  hand  now  in  Guatemala.  These 
are  questions  that  properly  belong  to  statesmen  and  to 
financiers,  with  the  fact  demonstrable,  that  should  the  canal 
cost  when  completed  $250,000,000,  it  would  nevertheless  be 
a  sound,  and  soon  after  completion,  a  munificent  investment. 
This  of  course  miist  depend  iipon  its  traffic  and  the  toll 
dues  resulting.  Look  at  a  map,  or  better  still,  with  a  globe 
before  you,  cast  a  glance  along  the  coast  lines  north  and 
south  from  Brito,  the  intended  Pacific  port  of  the  canal. 
Peopled  as  it  is  now,  from  north  to  south,  this  coast  would 
in  itself  yield  an  enormous  revenue.  Look  then  toward 
Japan,  the  northern  coast  of  China,  the  Philippine  Islands, 
and  in  the  southern  hemisphere,  the  eastern  coast  of 
Australia  and  New  Zealand.  All  of  the  traffic  from  these 
regions,  not  only  with  us  but  to  Europe,  would  pass  through 
the  canal,  save  sailing  vessels  bound  to  Europe  from  Aus- 
tralia and  New  Zealand,  that  would  pass  around  Cape  Horn, 
and  returning,  through  the  canal. 

There  is  one  traffic  alone,  now  of  small  dimensions,  that 
will  increase  enormously  as  soon  as  the  canal  is  available — 
the  timber  trade  of  the  northwest  coast  to  Europe  and  our 
eastern  coast.  We  all  know  that  the  supply  of  the  Atlantic 
water-shed  is  well-nigh  e.Khausted,  from  use  and  destructive 
forest  fires,  and  this  includes  Michigan  and  all  that  region. 
Governor  Alger  told  a  friend  one  year  ago  that  it  would  not 
hold  out  longer  than   five  vears.     In  the  Southern   .States 
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there  is  yet  a  considerable  amount  of  yellow  pine,  but 
almost  all  of  it  is  distant  from  lines  of  cheap  transportation. 
On  the  Pacific  slope,  and  even  near  the  coast,  there  has 
been  wanton  destruction  of  timber,  and  recently  forest  fires 
have  swept  the  country  for  hundreds  of  miles,  so  that  the 
shores  of  Columbia  River  and  of  Puget  Sound  even,  cannot 
longer  be  relied  upon  beyond  furnishing  local  supplies  and 
markets  near  at  hand.  Distant  as  the  voyage  was  around 
Cape  Horn,  dozens  of  ships  have  made  it  yearly,  laden  with 
timber  from  Puget  Sound  to  Europe  and  our  eastern  coast. 
Happily  there  remains  an  enormous  region  yet  intact, 
extending  northwest  from  Puget  Sound,  perhaps  600  miles, 
and  having  a  mean  breadth  of  100  miles  or  more,  an 
immense  archipelago,  with  convenient  channel  ways,  lying 
between  long  narrow  islands,  affording  great  facilities  for 
transporting  the  logs  to  mills  and  loading  lumber  into  ships 
when  sawed.  Nowhere  on  the  globe  are  more  economic 
means  of  cutting  and  loading  than  in  Columbia  River  and 
Puget  Sound,  nor  is  there  timber  in  quality  found  elsewhere 
in  quantities  as  the  yellow  cedar  and  the  firs  of  Princess 
Charlotte  and  the  neighboring  islands  of  the  archipelago 
referred  to.  A  canoe  dug  out  of  a  yellow  cedar  log,  eight 
feet  in  diameter  and  fifty-nine  feet  long,  is  to  be  seen  in  the 
National  Museum  in  Washington.  The  mass  of  timber  to 
the  acre  would  astound  even  a  Maine  lumberman.  The 
climate  is  damp  and  forest  fires  would  be  almost  impossible ; 
should  they  occur  they  would  at  most  be  limited  to  an 
island,  and  what  adds  greatly  to  the  security  of  the  timber, 
is  the  fact  that  the  cupidity  of  man  is  appealed  to  in  utilizing 
it  to  his  profit  rather  than  in  destroying  it  to  cultivate  the 
land.  This  timber  supply  will  last  for  centuries,  but  cannot 
be  availed  of  except  at  great  cost  of  transportation  until  the 
canal  is  made.  On  its  completion  hundreds  of  vessels  will 
be  engaged  in  carrying  it  to  profitable  markets,  and  the 
grain  product,  now  quite  considerable,  and  carried  to  Europe 
although  handicapped  by  a  Cape  Horn  voyage.  These  two 
products  would  form  a  very  considerable  part  of  the  traffic 
for  the  canal  were  i^  now  operative. 

The   Engineering  Nezvs  referred   to,  makes   an  admirable 
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comparison  of  the  two  canal  routes,  as  follows :  "  At  Nicaragua 
there  is  no  unsolvable  Chagres  River  problem;  there  is 
much  less  canal  in  excavation;  there  is  much  less  deep  cut- 
ting; there  is  no  problem  of  water  supply;  there  is  no 
rotten  sliding  rock;  there  are  no  endemic  pestilences;  there 
is  a  stiff  trade  breeze  blowing  all  the  year  rotind  to  main- 
tain health  and  comfort;  there  is  a  prior  knowledge  from 
detail  surveys  of  just  what  is  to  be  done,  which  was  wholly 
lacking  at  Panama;  there  is  the  advantage  of  all  the  experi- 
ence gained  at  Panama;  and  of  an  official  'base'  on  this 
side  of  the  ocean,  instead  of  on  the  other  side;  and  there  is 
the  practical  certainty  of  far  better  management.  These 
are  enormous  advantages,  and  it  therefore  seems  to  us  that 
no  reasonable  man  can  doubt,  first,  that  the  canal  can  be 
built  for  $100,000,000  to  $150,000,000  at  the  very  most,  and 
secondly,  that  it  will  be  exceedingly  profitable  even  at  that 
rate." 

That  the  Nicaragua  Canal  will  be  constructed,  and  with- 
out delay,  is  assured  by  these  facts,  which  tell  not  the  less 
why  the  Panama  Canal  was  a  failure  and  will  never  be  com- 
pleted. In  the  Paris  Canal  Congress,  authorized  by  the 
Executive  Department  of  our  Government,  I  said  that  the 
people  of  the  United  States  are  not  disposed  to  consider  the 
construction  of  an  Isthmian  canal,  solely  with  reference  to 
the  degree  in  which  the  commerce  and  interests  of  the 
United  States  will  be  relatively  benefited  through  its  con- 
struction as  compared  with  the  advantages  that  may  accriie 
to  other  commercial  nations.  Such  a  ship  canal  cannot  fail 
to  be  a  great  and  common  benefit,  and  especially  in  opening 
a  rapid  and  easy  transit  between  the  Atlantic  coasts  of 
Europe  and  America  with  the  western  coast  of  America,  and 
the  speedy  development  of  Australia.  Regarding  this 
inter-oceanic  ship  canal,  when  constructed,  as  the  greatest 
artificial  highway  that  can  be  constructed,  conferring  bene, 
fits  on  all  nations  and  peoples,  the  people  of  the  United 
States  consider  its  construction  as  one  of  common  interest, 
and  the  guarantee  of  its  neutrality  a  duty  in  common  to  all 
nations. 
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MUNICIPAL  ENGINEERING— A  STUDY  of 
STREET  PAVEMENTS. 


By  Lewis  M.  Haupt. 


\_A  lecture  delivered  before  the  Franklin  Institute,  November  S,  /SS().'] 

Professor  Haupt  was  introduced  by  Prof.  Coleman 
Sellers,  and  spoke  as  follows : 

Ladies   and    Gentlemen  : 

Under  peculiarly  delicate  and  sviggestive  circumstances, 
the  poet  Burns  produced  the  familiar  epigram : 

"  Oh  1  wad  some  power  the  giftie  gie  us, 
To  see  oursels  as  others  see  us  ! 
It  wad  frae  monie  a  blunder  free  us, 
And  foolish  notion." 

■  Although  the  circumstances  and  conditions  are  entirely 
different,  nevertheless  we  may  profitably  invoke  the  same 
spirit  to  aid  us  in  the  investigations  we  are  about  to  enter 
upon. 

There  are  times  in  the  life  of  every  community,  as  in 
that  of  an  individual,  when  such  introspection  becomes  a 
necessity  to  the  municipal,  as  well  as  the  moral  develop- 
ment. We  miist  first  become  conscious  of  our  defects 
before  we  can  hope  to  correct  them,  and  therefore  a  few 
Words  are  necessary  as  to  the  existence  and  character  of 
these  defects. 

In  general,  external  appearances  are  the  criteria  of  the 
internal  directing  forces,  hence  when  one  sees  an  individual 
clad  in  rags,  the  conclusion  is  reached  that  he  must  be 
either  a  pauper,  a  miser,  a  prodigal  or  a  debtor,  and  that  he 
is  lacking  in  the  energy  and  thrift  which  would  lift  him  to 
a  higher  level. 

Like  causes  will  produce  like  effects,  whether  taken  col- 
lectively or  singly,  and  hence  we  will  find  that  a  community 
in  which  improper  or  inadequate  provision  is  made  for  the 
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physical  wants  of  its  members,  must  be  the  victim  of 
penury,  debt,  mismanagement  or  incompetency. 

The  visible  evidence  of  such  a  condition,  if  it  exists,  are 
to  be  found  in  the  public  works  of  a  great  city,  and  the 
gaiige  can  be  most  readily  applied  by  comparisons. 

But,  since  comparisons  are  sometimes  odious,  it  should 
be  understood  from  the  first  that  these  are  presented,  not 
for  the  purpose  of  reflecting  upon  the  character  of  our  pub- 
lic improvements,  but  that,  as  interested  citizens  and  tax- 
payers, we  may  realize  so  fully  and  impressively  our  actual 
condition  as  to  lead  to  prompt,  definite  and  concerted 
action  for  their  amelioration,  should  it  be  deemed  to  be 
necessary. 

The  question  then  before  us  may  be  thus  formulated: 
Are  we  getting  the  best  results  obtainable  for  the  money 
expended,  or  is  there  room  for  improvement  in  the  char- 
acter of  our  public  works? 

If  we  look  to  the  press,  as  indicative  of  the  public  senti. 
ment,  for  a  reply,  we  will  find  a  widespread  and  outspoken 
dissatisfaction.  While  we  have  not  space  to  multiply 
instances,  a  few  examples  will  suffice.  At  a  recent  dedica- 
tion of  one  of  our  public  schools,  one  of  the  speakers,  an 
eminent  judge  of  the  Orphans'  Court,  in  referring  to  false 
municipal  economy,  said : 

"  There  are  two  kinds  of  economy  ;  one  which  cheapens  the  first  cost  of  a 
commodity  or  an  enterprise  and  reckons  its  losses  afterwards,  and  another 
which  counts  nothing  cheap  at  the  outset  which  will  not  produce  a  profit  in 
the  end.  In  Philadelphia  we  have  stuck  with  Puritan  obstinacy  to  the 
economy  of  cheapness.  We  have  cheap  taxes  and  large  debts.  We  have 
cheap  pavements,  which  break  up  when  we  use  them,  and  cheap  sewers, 
which  break  up  themselves.  We  have  cheap  court-houses,  whose  odors  are 
more  fatal  to  the  jury  than  to  the  criminals,  and  cheap  school-houses,  which 
give  steady  employment  to  sextons  and  undertakers.  There  are  times  when 
we  are  without  gas,  but  there  is  no  season  when  we  are  without  a  gas  bill ; 
when  we  are  short  of  water  the  city  supplies  us  with  mud,  and  charges  us 
the  same  price  for  both  fluids.  It  is  about  time  to  draw  the  line  somewhere 
in  this  economy  of  cheapness." — Public  Ledger. 

Dr.  Theodore  L.  Cuyler,  in  one  of  his  letters  from  England, 
in  the  New  York  Evangelist,  says  : 

We  excel  our  British  kinsfolk  in  the  comforts  of  railway  travel  quite  as 
Whole   No.  Vol.  CXXVIII. — (Third  Series,  Vol.  xcviii.)  29 


442  Haupt :  \].Y.\., 

much  as  they  excel  us  in  the  character  of  their  country  roads  and  city  pave- 
ments. In  fact,  our  city  streets  are  mainly  a  relic  of  barbarism,  in  their 
roughness  and  indescribable  filth.  With  the  exception  of  Washington,  there 
is  hardly  a  city  in  .America  whose  public  thoroughfares  are  not  for  the  most 
part  a  public  disgrace.  I  dread  the  thought  of  exchanging  this  clean,  smootli 
sea  for  the  jolts  and  thumps  of  New  York's  and  Brooklyn's  qnclean  and 
unmerciful  pavements.  But  for  our  fine  elevated  railways,  locomotion  would 
be  a  torment. 

A  recent  number  of  an  able,  independent  and  infliiential 
periodical*  contains  these  remarks : 

Seeing  that  there  is  deep-rooted,  although  incomprehensible,  prejudice  in 
this  city  in  favor  of  existing  forms  of  sewers,  in  favor  of  the  present  sources 
of  water  supply  and  in  favor  of  stone  block  pavements,  it  would  be  a  good 
idea  to  have  appointed  a  commission  of  scientific  men,  eminent  in  position 
and  expert  enough  to  command  oublic  confidence,  to  examine  and  report 
upon  all  these  matters.  There  is,  in  fact,  an  absence  of  exact,  full,  authori- 
tative information  upon  the  involved  subjects,  every  one  of  which  touches 
closely  the  health,  the  comfort  and  the  wealth  of  the  whole  body  of  citizens. 
We  are  about  to  appropriate  large  sums  of  money  for  water,  sewers  and 
pavements,  and  we  affirm  that  most  of  the  money  is  to  be  completely  thrown 
away,  because  it  is  to  be  expended  in  an  effort  to  improve  a  hopelessly 
botched  job.  We  doubt  if  there  is  a  quarter  of  a  mile  of  sewer  under  Phila- 
delphia that  is  constructed  as  a  sewer  ought  to  be  ;  that  is,  as  a  water-tight 
conduit.  We  also  doubt  if  there  is  a  quart  of  wholesome  water  in  the  city 
outside  of  a  drug  store.  We  are  positively  certain  that  there  is  not  a  square 
yard  of  stone  pavement  that  meets  the  requirements  of  modern  civilization. 
It  is  worse  than  absurd  for  us  to  go  scrambling  along  upon  the  old  Imes, 
throwing  money  away  upon  improvements  that  do  not  improve,  etc. 

This  same  paper,  in  another  issue,  emphatically  says,  in 
reference  to  the  size  of  the  city : 

Mere  bigness  does  not  involve  excellence,  although  men  appear  to 
regard  it  as  the  solitary  thing  of  value.  We  have  the  greatest  city  hall  on 
the  continent,  and  on  its  high  tower  is  to  stand  the  largest  statue  in  this  part 
of  the  world  ;  but  what  is  there  to  boast  of  in  that  fact,  if  the  people  of  Ken- 
sington have  typhoid-tainted  water  pumped  to  them  ?  We  have  the  most 
extensive  park  belonging  to  any  .-Vmerican  city,  but  why  should  we  contem- 
plate it  with  satisfaction  when  every  avenue  leading  to  it  is  covered  with  a 
pavement  that  is  disgraceful  to  a  civilized  community  ? 

It  adds,  moreover,  a  deduction  from  these  and  other  criti- 
cisms to  the  effect  that — 

Philadelphia  will  be  truly  great,  be  her  dimensions  little  or  big,  when  life 

*  The  Manufacturer.    ; 
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within  her  borders  may  be  comfortable,  cleanly,  healthful  and  peaceful,  and 
when  her  public  affairs  are  controlled  and  administered  by  her  wisest  and 
best  men,  without  any  assistance  from  her  criminal  classes.  *  *  *  [f  she 
is  to  hold  her  place  among  American  cities  she  will  have  to  deserve  to  hold 
it  by  completely  reforming  the  scandalous  condition  of  her  streets,  her 
sewers,  her  water  supply  and  the  corruption  that  taints  her  politics. 

Are  these  criticisms  just?  Does  our  city  of  homes  merit 
the  stig-ma  that  has  been  put  upon  her  of  being  the  worst- 
paved,  worst-drained  and  worst-managed  city  of  its  size  in 
the  world  ? 

These  questions  can  be  answered  in  part  by  comparing' 
her  public  works  with  those  of  other  cities  of  equal  import- 
ance, yet  there  are  persons  who  think  it  a  sufficient  answer 
to  say  that  the  death  rate  in  Philadelphia  is  as  low  or  lower 
than  in  most  other  places,  and  hence  conclude  that  it  is 
salubrious  enough  and  there  is  no  need  of  reform.  But 
this  is  a  mere  evasion,  for  it  is  manifest  to  all  that  there 
are  many  removable  causes  of  injury  and  disease  existing, 
the  absence  of  which  might  elevate  this  city  to  the  enviable 
position  of  being  the  healthiest  in  the  world.  The  present 
low  death  rate*  may  be  attributed  more  to  the  absence  of 
tenement  houses  than  to  general  cleanliness  of  the  streets 
and  sewers  or  the  purity  of  the  water,  j^et  the  very  extent 
of  the  cit}^  resulting  from  this  spreading  out  of  the  popula- 
tion imposes  another  heavy  burden  upon  the  citizen  in  the 
shape  of  long  distances  to  be  traversed,  for  which  no  suf- 
ficiently rapid  conveyances  are  available. 

It  is  manifestly  impossible  for  us  to  review  so  broad  a 
field  as  that  included  in  the  public  works  of  a  citv  in  the 
time  devoted  to  this  lecture,  but  as  an  instance  of  the 
character  of  these  works,  most  of  which,  as  well   as    their 

*  The  death  rate  per  thousand  is  for  Rome,  28  ;  for  New  York,  269 ;  for 
Manchester,  England,  264;  for  Vienna,  25;  Boston,  23'23 ;  Glasgow,  22"8o; 
Brooklyn,  2272 ;  Paris,  22'5o;  Philadelphia,  2072;  Liverpool,  2o'20,  and 
for  London,  1870,  but  in  consequence  of  the  cleanliness  of  the  streets  and 
the  improvements  made  in  the  tenement  flats,  the  death  rate  of  London  has 
been  lowered  to  1 5*90  in  1888. 

In  1887,  the  death  rate  in  the  improved  tenements  of  London  was  only 
1 2' 5,  or  less  than  one-half  of  th.it  in  American  cities. —  Phila.  Ledger,  Octo- 
ber 24th.     Extract  from  a  paper  by  Civil  Engineer  White,  of  Brooklyn. 
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cost,  have  come  to  us  by  inheritance,  let  lis  examine  the 
streets,  which  are  visible  to  every  one  having  occasion  to  use 
them,  whether  denizen  or  alien. 

vStreets  are  fundamentally  thoroughfares,  designed  to  fur- 
nish means  of  communication  from  any  part  of  a  city  to  any 
other  part,  hence  they  should  lead  in  every  possible  direc- 
tion, and  a  plan  which,  as  in  the  old  city  proper,  provides 
for  rectilinear  movement  in  only  four  directions,  is  defective 
and  imposes  a  restraint  or  a  burden  upon  those  citizens  who 
are  compelled  to  live  on  the  diagonals.  Again,  the  space 
taken  for  streets  is  deducted  from  the  total  area  and  is  sus- 
tained by  a  general  tax  upon  the  remaining  territory.  It 
should,  therefore,  not  be  larger  than  is  necessary  for  the 
purpose.  This  limit  will  be  foiind  to  be  at  about  thirty  per 
cent.  Moreover,  the  width  of  the  various  streets  and  ave- 
nues should  bear  some  relation  to  the  character  of  the  traffic 
and  dimensions  of  the  vehicles  intended  to  pass  over  them. 
It  is  no  infrequent  occurrence  to  find  a  blockade,  caused  by 
a  .coal  cart  or  a  moving  van,  backed  against  a  curb.  In 
many  cases,  also,  there  is  a  waste  of  space  because  there  is 
not  sufficient  width  between  curb  and  tram-rail  for  any 
vehicle,  either  to  stand  or  move.  These  defects  become 
very  apparent  after  the  street  is  built  upon  and  the  traffic 
becomes  large,  and  when  it  is  too  late  to  correct  them, 
excepting  at  great  expense.  But  there  is  another  class  of 
defects  more  manifest  and  more  easily  remedied,  which 
Telate  to  the 

PAVEMENTS. 

Although  volumes  have  been  written  on  this  subject  and 
mankind  has  been  constructing  pavements  almost  since  the 
foundation  of  the  world,  the  lessons  of  experience  do  not 
appear  to  have  left  a  serious  impression.  We  only  know 
that  our  streets  are  intended  to  be  paved  with  the  best 
materials  available,  laid  under  carefully-worded  specifica- 
tions, and  yet,  in  a  few  days  or  weeks,  we  find  them  develop- 
ing weak  spots,  and  yielding  to  pressure  or  rains,  which 
make  repairs  necessary.  Why  is  this  and  where  is  the 
defect  ?     There  can  be  but  one  answer  and  that  is,  because. 


Dec,  1889.]  Municipal  Engineering,  etc.  445 

a  structure  will  not  stand  unless  supported,  and  a  compres- 
sible soil  is  not  a  sufficient  foundation  for  a  street  pavement . 
Provide  an  unyielding  substructure  and  the  superstructure 
will  last  almost  indefinitely.  The  fundamental  requirements 
of  a  durable  pavement  are,  a  substantial  foundation  and  a 
suitable  wearing  surface.  The  vital  defect  of  our  city  pave- 
tnents  is  in  the  character  of  this  foundation. 

Thus  Section  No.  7  of  the  Specifications  for  Block  Pave- 
ments, whether  of  "  granite,"  Pennsylvania,  Lambertville  or 
asphalt  blocks,  requires  that  "  the  foundation  gravel  shall 
be  sharp,  clean,  free  from  top-soil,  rubbish  or  perishable 
material,  and  contain  by  weight  not  more  than  fifteen  per 
cent,  of  clay,  loam,  dust  or  material  that  will  make  mud,  or 
be  displaced  by  slowly-running  water." 

Hence,  it  appears  that  the  foundation  should  be  com- 
posed of  carefully  selected  material,  designed  to  furnish  a 
porous  cushion  for  the  escape  of  surface  or  subsoil  water. 
Since  screened  ashes  possesses  this  property  in  an  eminent 
degree,  it  has  come  to  be  regarded  as  a  suitable  substitute 
for  the  foundation  gravel  as  required  bj'  the  specifications. 
At  least  we  must  so  conclude  from  the  large  quantity  of 
ashes  to  be  found  underlying  our  pavements.  The  mere 
drainage  of  the  subsoil  is,  however,  but  a  minor  function  of 
the  foundation.  Its  main  purpose  is  to  carry  the  load  and  dis- 
tribute it  from  the  points  of  contact  over  as  large  a  surface  as 
possible.  It  needs  no  second  thought  to  realize  that  an  arch,  or 
layer,  of  foundation  gravel  or  of  ashes,  possessing  little  or  no 
coherence,  is  about  as  poor  a  structure  to  perform  this  service  as 
can  well  be  devised,  and  that  the  main  reliance  must  be 
placed  on  the  surface  covering,  both  for  strength  and  wear. 
If  this  covering  is  composed  of  small  units,  it  possesses 
inherent  elements  of  weakness  at  every  joint,  and  the 
ability  of  the  paveinent  to  do  its  work  will  depend  more 
upon  the  strength  of  the  joints  than  upon  anything  else. 
Hence,  the  smaller  the  number  of  joints  the  better  for 
strength. 

But  leaving  the  subject  of  the  wearing  surface  for 
further  consideration,  let  us  look  again  at  the  foundation. 
We  have  just  seen  that  it  is  inherently  weak  because  of  its 
material,  let  us  now  consider  its  dimensions. 
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Section  3,  of  the  Specification,  says: 


Excavation  and 
grading. 


Laying  of  founda- 
tion course. 


The  bedding 
course. 


Manner  of  set- 
ting the  blocks. 

Intersections. 


"  The  street  shall  be  excavated  and  graded 
from  curb  to  curb  accurately  to  sub-grade, 
fifteen  inches  below  the  finished  grade; 
then,  covered  with  sharp  foundation  gravel, 
to  be  applied  in  sufficient  quantity  and 
thoroughly  compacted  by  rolling  or  ramming 
until  the  new  surface,  from  curb  to  curb,  is 
exactly  nine  inches  below  finished  grade; 
sharp  washed  paving  sand  or  gravel  shall 
then  be  spread  upon  the  compacted 
foundation  gravel  to  the  requisite  depth, 
and  the  stone  paving  blocks  at  once  put  in 
place,  being  set  vertically  on  edge,  in  close 
contact  with  each  other,  and  in  straight 
rows  square  across  the  street,  except  at  inter- 
sections, which  shall  be  paved  at  an  angle  of 
45°  to  the  lines  of  the  intersecting  roadways. 
Care  shall  be  taken  that  blocks  in  the  same 
row  are  of  the  same  thickness  and  the  same 
depth;  that  those  in  adjoining  rows  are  so 
set  as  to  break  joints  bv  a  space  of  not  less 
than  two  inches,  and  that  when  thoroughly 
rammed  they  will  be  brought  to  the  exact 
grade,  and  give  the  desired  form  to  the 
finished  surface,  making  joints  generally 
one-half  inch  in  thickness,  and  at  no  point 
exceeding  one  inch  in  thickness." 

From  this  it  appears  that  the  foundation  course  of 
gravel  is  to  be  six  inches  deep,  when  compacted,  that  it  is 
then  covered  with  sharp  washed  paving  sand  to  the  "  requisite 
depth,"  and  completed  to  grade  by  the  blocks,  laid  in  a  cer- 
tain manner,  which  is  clearly  defined,  excepting  as  to  the 
intersections.  The  clause,  recently  introduced,  requiring 
the  rows  at  intersections  to  make  "an  angle  of  45°  with  the 
intersecting  roadways"  may  refer  to  either  of  two  directions 
at  right  angles  to  each  other,  one  of  which  is  good,  being 
normal   to   the  lines  of  travel   around  a  corner;  the  other 


Precaution. 
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bad,  being  parallel  to  the  path  of  the  wheels.     Yet  samples 
of  both  kinds  are  to  be  seen  in  some  recent  city  work. 

To  determine  what  is  to  be  understood  by  the  "requisite 
depth,"  we  must  know  the  size  of  the  blocks;  which,  for 
granite,  are  required  to  be : 

"  From  6  to  7  inches  in  depth,  3^  to  4^  inches  in  width, 
8  to  12  inches  in  length,  faces  not  warped,  straight,  free 
from  bunches,  depressions  and  inequalities  exceeding  one- 
half  inch.  The  faces  shall  meet  at  right  angles,  and  the 
corresponding  dimensions  of  opposite  faces  shall  not  van*' 
more  .than  one-half  inch,  and  no  stones  shall  measure  less 
than  the  above-named  lowest  figure."* 

This  will  give  for  the  bedding  course  from  two  to  three 
inches,  depending  upon  the  depth  of  the  paving  blocks. 

Viewing  this  structure  then  from  an  engineering  stand- 
point, we  have  a  bed  of,  at  most,  nine  inches  in  depth,  com- 
posed of  material  whose  elemen-ts  are  incoherent  and 
surmounted  by  a  flat  arch  of  voussoirs,  or  blocks,  between 
which  there  may  be  joints  of  from  one-half  to  one  inch — 
while  for  abutments  there  are  curbs,  it  may  be  eight  inches 
wide  on  top,  twenty-four  inches  deep  and  projecting  five 
inches  above  the  surface  of  the  roadway.  This  structure  is 
subjected,  not  to  a  uniformly  distributed  load,  but  to  a  suc- 
cession of  shocks,  blows  and  vibrations  from  very' variable 
forces,  applied  at  any  or  every  point  of  the  surface,  and  at 
times  when  the  foundation  and  subsoil  may  be  saturated 
with  water  or  upheaved  by  frost,  for  in  most  cases  the  pave- 
ments are  not  impervious,  as  they  should  be.  The  effects 
of  frost  in  breaking  up  the  continuity  of  such  a  surface  are 
ver}'  great,  but  there  is  not  time  now  to  consider  them. 
Already  there  is  too  much  of  detail,  and  yet  I  ask  your 
indulgence  for  a  few  words  as  to  the  wearing  surface.  I 
shall  not  go  into  the  subject  of  its  conflicting  and  varied 
requirements,  nor  the  material  best  adapted  to  meet  them, 
as  this  ground  has  already  been  covered  in  my  paper  on 
"Street  Pavements,"  published  in  this  Journal  of  May, 
1877,  but  I  desire  to  emphasize  the  fact  that,  as  before  said, 

*  Section  9,  of  Specification  for  Paving  with  Granite,  etc. 
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the  joint  is  the  weakest  part  of  the  surface,  and,  of  all  direc- 
tions for  the  joints,  that  which  is  longitudinal  or  parallel  to 
the  line  of  traction,  is  the  worst. 
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It  follows,  therefore,  that  the  smaller  the  number  of  joints, 
and  especially  of  longitudinal  joints,  the  better,  yet  the 
pleas  for  their  existence  are  based  upon  facility  for  handling 
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the  material,  foothold  for  the  horse,  and  facility  of  removal. 
But  pavements  ought  not  to  be  laid  with  the  expectation  of 
havinof   them  broken  into    bv  everv  kind  of  service,  as  for 


0? 


^ 

o 


gas,  water,  electricity,  sewage,  heat  or  power.  It  is  feasible 
to  provide  for  these  various  conduits,  without  constant 
irruptions    into    the  pavements.     Elsewhere    they  are  laid 
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under  the  sidewalks,  or  in  subways  provided  for  the  pur- 
pose, where  they  are  readily  accessible  for  connections  or 
repairs.     Why  not  here? 

Such  a  system  of  subways  for  traffic,  as  well  as  for  all 
kinds  of  municipal  service,  should  form  the  basis  of  a  com- 
prehensive plan  for  improving  the  physical  condition  of  our 
city;  then  would  permanent  pavements  become  a  possibility, 
and,  as  a  consequence,  the  value  of  real  estate  would  be 
greatly  increased,  and  the  revenues  of  the  city  be  augmented 
correspondingly.* 

But  since  we  have  not  yet  seen  fit  to  require,  such  an 
improved  state  of  civilization,  let  us  return  to  the  considera- 
tion of  our  attempt  to  better  our  condition  by  the  general 
introduction  of  the  granite  or  other  block  pavement. 

According  to  the  specifications,  these  blocks  should  be 
laid  in  rows  at  right  angles  to  the  curbs,  except  at  intersec- 
tions, and  the  joints  should  overlap  at  least  two  inches.  The 
blocks  should  not  be  less  than  eight  inches  in  length  nor 
more  than  twelve,  and  likewise  the  widths  are  restricted  to 
between  three  and  one-half  and  four  and  one-half  inches. 

In  comparing  these  and  other  limitations  with  the  results 
as  seen  upon  our  streets,  we  must  conclude  that  although 
specific  and  definite,  they  were  intended  to  serve  merely  as 
guides  to  indicate  the  approximate  positions  and  dimen- 
sions, as  well  as  character  of  the  materials  used,  for  there 
has  been  great  liberty  taken  in  their  interpretation.  As  a 
rule,  such  discretion  has  been  exercised  wisely  and  with 
improved  results,  especially  in  the  matter  of  laying  the 
longer  axis  of  the  stones  at  an  angle  of  about  45°  to  the  curb 
lines,  within  the  squares,  as  has  been  done  generally  on 
Franklin  Street,  instead  of  at  right  angles;  and  of  permit- 
ting the  length  of  the  blocks  to  exceed  twelve  inches,  reach- 
ing, in  some  instances,  to  nineteen  or  twenty,  thus  reducing 
the  number  of  longitudinal  joints  and  increasing  the  inertia 
of  the  block.  If  the  specifications  are  to  be  interpreted 
literally  and  strictly,  our  pavements  would  cost  more,  the 
contractors  would  be  obliged  to  bring  suits  for  their  money 

: , ^ 

*  Vide  p.  S,  Report  of  the  Commissioners  for  District  of  Columbia  for 
1885. 


Dec,  1889.] 


Miiiiia/'al   Enginccriiti^ 


etc. 


451 


and  the  roadway  would  not  be  as  good  in  some  particulars. 
I  believe,  however,  that  the  specifications  should  be  amended 
to  permit  greater  latitude,  and  then  be  more  rigidly  enforced. 
But  no  specifications  can  provide  good  pavements  on  poor 
foundations,  or  when  the  surface  may  be  torn  up  almost  as 
soon  as  it  is  laid,  to  repair  a  defective  sewer  or  make  a 
house  connection.  These  are  inherent  defects  which  may 
be  and  should  be  removed. 

The  foreigner  visiting  America,  on  being  asked  what 
impressed  him  most  forcibly,  replied,  "  the  miserable  pave- 
ments," while  the  American  in  his  tour  throiigh  the  chief 
cities  of  Europe,  is  compelled  to  respond  to  the  same  inquiry, 
"  the  excellent  condition  of  your  streets."  The  visiting 
engineers  and  others  who  attended  the  Paris  Exposition  this 


summer  all  concede  the  truth  of  the  comparison,  and  are 
convinced  that  better  pavements  are  not  only  possible  but 
necessary,  and  far  more  economical.  What  constitutes  the 
difference?  It  is  to  be  found  in  both  the  foundation  and  the 
wearing  surface.  Abroad,  the  former  is  generally  a  mono- 
lithic arch  of  concrete,  laid  in  hydraulic  cement,  from  six 
inches  to  one  foot  or  more  in  thickness ;  the  latter,  a  surface 
either  without  joints,  except  where  rails  are  laid,  or  with 
very  close  joints  between  stones,  well  bedded  in  concrete, 
and  rendered  impervious  to  water.  These  pavements  are 
easily  and  cheaply  cleaned,  and  cost  very  little  for  main- 
tenance. 

Again,  looking  at  the  surface  covering  from  an  economic 
standpoint,  let  us  see  how  the  power  required  to  move  a 
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given  load  is  affected  by  the  resistances  of  the  various  kinds 
of  pavements. 

The  resistance  to  traction  caused 

» 

By  sand  is  \  or  20  per  cent,  of  the  weight  of  the  load,  or  400  pounds  per  ton. 
"  gravel  it  is  ^',r  or  10  per  ct.  of  the  weight  of  the  load,  or  200       "  "       " 

"  an  ordinary  earth  road  it  is  ^th       "  "  or  200       "  "      " 

"  hard.dry  clay  or  earth,  ^th  to  ^'fjth  " 
"  cobblestones,  ordinary,  ^th  " 

"  good  "  small  size,  YVth  to  ^th  " 
"  ordinary  macadam,  j'jth  to  ^^'Ca.  " 
"  best  French     "         j^th  " 

"  ordinary  stone  block,  .jsth,  " 

"         "         Belgian   "     jVfth,  " 

"  well  laid         "        "     ^'nth 
"  asphalt  in  sheet  form,  jjjd,  " 

"  smooth  granite  trams,  ii'iftth,  " 

"  iron  tramways,  well  laid,  jiVfjth,        " 

If,  for  purposes  of  comparison,  it  be  assumed  that  it 
requires  one  horse  to  move  a  ton  on  an  iron  tramway,  then 
we  find  that  to  perform  the  same  work  on  the  other  surfaces 
there  will  be  needed,  for  asphalt  i^  horses;  for  well  laid 
Belgian  block,  3^  ;  for  ordinary  Belgian,  5  ;  for  ordinary 
stone  block,  8  ;  for  macadam  from  57  to  8  ;  for  good  cobbles 
from  6'6  to  13-3  ;  for  ordinary  cobbles,  25  ;  for  a  good  earth 
or  gravel  road,  dry,  20 ;  and  for  sand,  40  horses.  That  is,  to 
move  the  same  load  at  the  same  speed  and  for  the  same 
length  of  time,  with  the  same  fatigue  to  each  horse,  requires, 
for  ordinary  cobble  stones  2j,  and  for  stone  block  pavements  8 
times  the  number  of  horses  necessary  for  iron  trams,  while  for 
asphalt  only  i^  are  required.  The  great  economy  of  smooth- 
ness, therefore,  becomes  at  once  apparent,  but  it  is  evident 
that,  as  in  all  lines  of  transportation,  the  greatest  resistance 
regulates  the  load  over  the  rest  of  the  route,  unless  there  be 
auxiliary  power,  so  the  con.tinviity  of  the  surface  should 
remain  unbroken  by  any  other  grade  of  material  which 
would  increase  the  resistance.  It  is  estimated  that  if  New 
York  were  paved  throughout  with  asphalt,  "the  traffic  that 
now  costs  $15,000,000,  would  be  done  for  a  fraction  of  that 
sum,"  and  that  at  least  $1,000,000  more  could  be  saved 
in  repairs  on  vehicle^  and  for  horses  annually.* 

*  The  Manufacturer,  March  i,  1889. 
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Instead  of  reducing  the  number  of  horses,  however,  as  a 
matter  of  fact  and  in  accordance  with  the  general  maxim 
that  facilities  beget  traffic,  their  number  would  be  greatly 
increased,  because  of  the  real  pleasure  derived  from  riding 
over  comfortable  pavements.  This  ability  to  move  readily 
over  any  part  of  the  surface  instead  of  following  in  well 
defined  grooves  as  now,  would  also  have  the  effect  of  greatly 
reducing  the  rates  of  fare  by  the  establishment  of  other 
lines.  Thus,  in  London  and  Paris  the  fares  are  much  lower 
than  in  American  cities  for  municipal  trafific,  while  for  gen- 
eral traffic,  outside  of  the  cities,  our  railroad  rates  are  far 
less  than  those  abroad. 

A  few  remarkable  facts  concerning  the  increase  of  traffic 
and  reduction  of  rates  in  London  will  bear  repetition.  Just 
prior  to  the  opening  of  the  underground  railway,  the  Lon- 
don General  Omnibus  Coinpany  carried  about  40,000,000 
passengers  annually,  and  the  fare  was  seven  cents.  In  con- 
sequence of  the  competition  of  rail  and  tramways  the  aver- 
age fare  is  now  about  four  cents  (two  pence)  and  the 
number  of  passengers  has  increased  to  75,000,000  for  each  of 
the  companies.  The  average  cost  to  the  omnibus  company 
is  three  and  one-half  cents,  and  it  pays  twelve  and  one-half 
per  cent,  dividends  from  its  surplus. 

On  the  tramways  the  average  fare  is  about  three  cents, 
and  the   cost  about  two  and  one-half   cents  per  passenger. 

The  normal  increase  in  traffic  has  been  at  the  rate  of  ten 
per  cent.,  and  the  total  increment  in  twenty  years  was  470 
per  cent.,  while  in  the  same  period  the  population  only 
increased  thirtj'-six  per  cent. 

On  the  London  stages  the  fares  are  modified  according  to 
the  distance,  and  will  average  in  some  localities  only  one 
cent  per  mile.  The  seating  capacit}^  of  the  omnibus  is 
twenty-eight,  or  twelve  inside  and  sixteen  on  top.  They  are 
drawn  by  two  horses.  In  Paris  some  of  the  stages  have 
three  horses  abreast,  but  there  the  rolling  stock  is  larger  and 
heavier. 

The  Paris  General  Omnibus  Company  make  and  repair 
their  own  vehicles,  and  in  this  service  over  600  men  of  dif- 
ferent trades  are  employed.  Their  wages  in  1888  amounted 
to  upwards  of  $268,000. 
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There  are  1,600  vehicles  of  different  models.  Of  these 
1,000  are  for  passenger  service  in  Paris,  and  they  make  a 
daily  run  of  55,800  miles,  or  about  fiftv-six  miles  each.    They 


all  have  an  imperial  or  upper  deck,  to  which  ladies  are 
admitted  when  riding'  on  the  tram-cars,  three-horse  coaches 
or  the  new  two-horse  patterns. 
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The  number  of  passengers  carried  in  1888  was  181,215,288. 

A  two-horse  omnibus  of  class  i  will  carry  thirty  persons, 

and  to  prevent  overcrowding  as  well  as  to  insi:re  a   seat, 


niimbered  checks  are  given  to  passengers  at  stations  on  the 
route.  These  are  collected  by  the  conductor  on  entrance, 
and  when  all  the  seats  are  filled,  a  placard  marked  "  Com- 
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plet "  is  exjDosed  and  kept  up  until  some  one  alights. 
A  three-horse  omnibus  will  carry  about  forty-four  passen- 
gers seated,  while  our  street  cars  have  a  capacity  of  twenty 
seats.  This,  compared  with  the  two-horse  omnibus,  would 
show  an  economy  in  favor  of  the  latter  of  fifty  per  cent. 

We  have  thus  briefly  reviewed  the  fundamental  defects 
of  pavements,  and  the  benefits  accruing  from  their  improved 
condition.  Let  us  now  look  for  a  moment  at  the  relative 
cost. 

In  their  report  to  his  Honor,  the  Mayor  of  this  city,  in 
1884,  the  Board  of  Experts  appointed  to  examine  into  the 
condition  of  our  street  pavements,  say  : 

"  The  cost  per  square  yard  of  the  standard  pavements 
which  we  recommend,  is  as  follows  : 

Seven-inch  granite  blocks  on  concrete  foundation S3  65 

Six-inch  "  "         "   gravel  "  ....  2  60 

Sheet  asphalt  on  concrete  foundation 225 

.'Vsphalt  block  011        "  "  2  90 

Asphalt  block  on  gravel  "  2   10  " 

■  They  further  estimate  that  at  that  date  there  were  535 
miles  of  streets  paved  with  cobblestones,  containing  in  round 
numbers  9,000,000  square  yards.  Of  this  distance  203  miles 
is  traversed  by  street  railroads.  Then  follows  their  esti- 
mate for  repaving,  which  aggregates  $21,095,000,  to  be 
spent  at  the  rate  of  say  $2,000,000  per  annum.  In  making 
up  this  estimate  it  was  suggested  that  1,000,000  yards  be  of 
granite  on  concrete  at  $3.65  ;  1,100,000  of  sheet  a.sphalt  on 
concrete  at  $2.25  ;  300,000  of  asphalt  block  on  gravel  at 
$2.10;  and  the  balance  or  6,000,000  yards  of  granite  on 
gravel  at  $2.60.  This  is  over  seventy  per  cent,  of  the  entire 
amount  proposed  to  be  covered  by  a  surface  which,  as  has 
been  shown,  offers  more  than  five  times  the  resistance  to 
traffic  than  asphalt  ;  is  very  permeable,  has  a  weaker  foun- 
dation and  costs  thirty-five  cents  more  per  square  yard. 

The  wi,sdom  of  this  recommendation  does  not  therefore 
appear,  unless  it  be  on  the  score  of  durability ;  but  when 
the  cost  of  maintenance  of  these  two  kinds  of  pavement  is 
compared,  there  is  so  little  difference  as  to  leave  virtually 
no  choice,  for  whilst  the  improved  asphalt  surface  will  wear 
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down  more  rapidly  than  granite,  the  latter  will  require  more 
labor  in  consequence  of  its  defective  foundations. 

Since  this  report  was  submitted  the  use  of  vitrified  brick 
has  become  quite  popular,  and  for  light  traffic  has  given 
some  very  satisfactory  results. 

In  this  city  it  has  been  extensively  introduced  in  West 
Philadelphiia  and  other  districts,  where  it  is  laid  upon  a  nine- 
inch  bed  of  fine  gravel  covered  by  two  inches  of  "  clean  bar 
sand." 

A  brick  pavement  of  this  description  has  been  in  use  in 
Charleston,  W.  Va.,  for  sixteen  ^-ears,  and  is  said  to  have 
cost  nothing  for  repairs  or  maintenance.  As  the  joints  are 
laid  close  and  filled  with  cement,  it  makes  an  impervious 
covering  at  a  low  cost  and  provides  a  good  wearing  surface 
when  the  bricks  are  of  good  quality. 

The  cost  of  new  pavements  in  the  outljMng  districts 
could  be  materially  reduced,  by  keeping  the  go-ades  of  the 
streets  or  roads  a  few  inches  below  the  approved  city  or 
district  grades,  so  that  the  original  road  surface,  whether  it 
be  of  macadam,  gravel  or  even  cobblestones,  might  be  used 
for  the  foundation  of  the  subsequent  wearing  surface,*  thus 
avoiding  the  removal  of  the  original  surface  and  the  prepa- 
ration of  a  new  foundation. 

The  best  disposition  to  be  made  of  existing  cobble  and 
rubble  pavements,  would  be  to  crush  the  stones  up  for  the 
concrete  to  be  used  in  repaving. 

THE   FIN.A.XCI.A.L   QUESTION. 

After  all,  when  we  have  determined  what  is  the  best  and 
most  economical  kind  of  a  pavement  for  given  conditions, 
we  are  confronted  with  the  more  important  question  of 
providing  the  means  to  carry  on  the  work. 

Here  the  way  is  hedged  in  by  laws  and  ordinances,  limit- 
ing the  power  to  raise  money  and  prescribing  the  manner 
of  paying  for  the  work  when  done,  to  such  a  degree  as  to 
constitute  a  serious  obstruction  to  any  public  work  of  this 
kind  when  undertaken  on  a  scale  of  so  great  magnitude. 


*  This  idea  was  first  suggested  by  the  writer,  in  designing  a  revised  plan 
for  the  streets  of  Superior,  Wis.,  in  1882. 
Whole   No.  Vol.  CXXX'III. — (Third  Series,  Vol.  xcviii.)  30 
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To  borrow  the  money,  as  has  been  suggested,  is  merely 
to  put  off  the  evil  day  upon  our  children,  who  will  inherit 
the  worn-out  pavements  with  their  cost.  As  well  might  we 
borrow  money  for  our  raiment  and  bequeath  to  posterity 
the  bills  with  the  tattered  garments. 

Again,  to  pay  for  work  done  by  assessment  bills  on  the 
adjacent  properties,  embracing  rich  and  poor  alike,  is  in 
many  cases  a  great  hardship  and  is  almost  equivalent  to 
giving  to  the  contractor  authority,  in  the  name  of  the  city, 
to  turn  the  artisan,  who  may  be  buying  by  instalment,  out  of 
doors. 

To  raise  money  by  increasing  the  tax  rate  is  undoubtedly 
the  best  plan,  but  even  this  appears  unjust,  as  throwing  the 
burden,  of  the  improvement  mainly  upon  holders  of  real 
estate,  who  pay  their  pro-rata  in  the  taxes  and  are  then 
levied  upon  for  assessments  in  addition. 

Is  there  no  way,  under  the  Constitution,  whereby  a  spe- 
cial improvement  tax  could  be  collected  from  all  classes  of 
citizens  ?  This  is  a  question  for  Councils,  and  not  for  us  to 
consider.  If  feasible,  it  would  distribute  and  lighten  the 
burden,  the  funds  would  be  provided  regularly,  as  required, 
and  the  streets  of  this  city  would  be  made  to  fulfil  their 
purposes  of  providing  means  of  communication  with  a 
minimum  of  resistance  and  cost.  It  is  the  honest  policy  of 
"  pay  as  you  go  "  and  is  the  cheapest  in  the  end,  provided 
in  every  case  that  the  work  be  properly  designed  and  faith- 
fully executed. 

The  city  of  Washington  is  far  in  advance  of  any  others 
in  regard  to  its  pavements,  since  it  is  not  restricted  in  its 
finances  and  its  municipal  works  are  under  the  direct  super- 
vision of  an  engineer  commission,  which  has  given  much 
attention  to  the  problem  of  pavements.  It  has  already 
about  eighty-one  miles  of  streets  covered  with  asphalt,  and 
it  has  also  introduced  extensively  the  grooved  girder  rail  so 
universally  used  on  the  continent. 

STREET-CAR    TR.\CK.S. 

The  tram-ways,  or  street-car  tracks,  as  laid  in  our  cities, 
are  a  continual  source  of  trouble  and  give  unsatisfactory 
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results.  But  nothing  else  can  be  expected  from  a  structure 
whose  foundation  is  an  unpreserved,  and  frequently  an 
unseasoned,  vegetable  substance.  To  lay  a  side  or  centre- 
bearing,  flat,  iron  rail  upon  a  wooden  stringer,  having  a  con- 
tinuous vertical  joint  on  either  side  to  admit  water,  and 
forming  a  rut  for  wheels,  is  unscientific  and  destructive  to 
both  the  rolling  stock  and  the  way.  Moreover,  it  induces 
traffic  to  follow  the  lines  of  the  trams  instead  of  permitting 
it  to  take  any  part  of  the  pavement  with  equal  facility.  x\s 
a  rule  the  rails  are  warped  in  both  directions  and  the 
counter-sunk  heads  of  the  spikes  are  worn  off,  leaving  in 
many  places  a  sprung  rail  and  depressed  joint,  which  pro- 
duces the  destructive  oscillations  so  noticeable  on  many 
lines. 

The  form  of  rail  used  in  New  York  is  even  worse  than 
here.  It  is  so  bad  that  the  last  mayor  felt  obliged  to 
recommend  its  removal  in  the  strongest  language. 

The  rail  which  is  found  to  fulfil  the  requirements  of 
street  travel  best  abroad  is  a  grooved  girder-rail,  six  inches 
deep,  with  a  bottom  flange  four  and  one-half  inches  wide. 
The  head  is  about  four  inches  wide,  of  which  two  inches 
are  for  the  tread  and  one  inch  for  the  groove.*  This  slight 
channel  is  ample  to  guide  the  cars  and  has  no  effect  upon 
other  vehicles,  either  in  crossing  or  following  it. 

To  form  practically  a  continuous  rail,  the  ends  of  each 
are  bevelled  at  an  angle  of  45  ^  so  as  to  overlap,  and  as  they 
are  firmly  bedded  on  a  concrete  base  and  filled  up  with 
concrete  or  asphalt,  they  are  very  durable  and  remarkably 
smooth,  forming  a  delightful  bearing  surface,  in  strong 
contrast  to  our  own  cheap  and  unmechanical   makeshifts. 

Boston  and  Washington  have  already  introduced  this 
form  of  rail,  and  the  Highway  Commissioner  of  New  York 
is  on  record  as  saying  :  "  I  have  made  up  my  mind  to  refuse 
permits  in  every  case  unless  the  railroad  companies  will 
agree  to  lay  such  rails  as  I  require.  The  rail  that  I  shall 
insist  upon  is  a  grooved  rail,  with  an  opening  \\  of  an  inch 


*  Samples  of  this  rail  were  kindly  furnished  by  the  Johnson  Street  Girder 
Rail  Company  of  Johnstown  Pa.,  where  it  is  now  manufactured. 
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wide.  No  wagon  wheel  can  be  caught  in  this  rail,  and  it 
can  be  crossed  at  any  angle  with  safet}-.  I  propose  to 
adhere  to  the  position  I  have  taken  until  I  am  overruled  by 
the  Courts."  *■ 

A  similar  resolution  on  the  part  of  our  local  authorities 
would  give  a  result  which  would  be  beneficial  to  the  street- 
car companies,  to  the  public  and  to  the  city. 

THE   FOOTWAYS. 

The  sidewalk  nuisance  is  another  point  upon  which  much 
might  be  said,  but  a  long-suffering  community  seem  to 
regard  the  use  of  the  sidewalk  for  storing  and  displaying 
goods  or  empty  boxes  as  either  a  privilege  or  a  necessity, 
.and  prefer  to  take  to  the  roadway  rather  than  wait  until  a 
dray-load  of  cotton,  sugar,  china  or  other  merchandise  can 
be  discharged  by  skids  into  the  front  doors  of  the  stores  or 
warehouses.  While  the  majority  of  our  streets  are  sixty 
feet  wide,  giving  thirty-four  for  roadway  and  thirteen  on 
either  side  for  pedestrians,  nearly  half,  and  in  many  places 
more  than  half,  of  this  is  obstructed  by  projecting  steps, 
signs,  showcases,  gratings,  trees,  fire-plugs,  telegraph  poles, 
cellar-doors,  lamps  and  letter-boxes,  carriage-blocks,  hitching- 
posts,  news  and  fruit  stands  and  an  occasional  pump,  to  say 
nothing  of  the  contents  of  the  stores  which  are  exposed  for 
sale  daily  on  the  pavements. 

It  may,  therefore,  appear  to  be  a  restriction  of  personal 
freedom  to  learn  that  in  London  trucks  and  wagons  are  not 
allowed  to  back  up  against  the  curb  and  to  place  a  plank 
across  the  pavement ;  packing  cases  and  barrels  are  pro- 
hibited under  the  strictest  police  regulations  from  being 
placed  on  the  sidewalk.  Neither  is  it  permitted  to  dump 
coal,  unload  barrels  or  any  articles  whatever  upon  the  streets 
between  9  A.M.  and  6  P.M.,  but  all  merchandise  is  required 
to  be  handled  directly  by  cranes  attached  to  the  buildings 
or  warehouses  and  reaching  to  the  drays  in  the  streets,  or 
in  bags  or  baskets.  Thus  the  latter  are  preserved  for  the 
legitimate  purpose  of  transit. 

In  selecting  m_v  subject,  it  was  with  the  intention  of 
making  a  general  comparison  of  some  of  the  various  munic- 
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ipal  improvements  at  home  and  abroad,  snch  as  the  sewers, 
docks,  city  trams  and  conduits,  but  the  great  and  urgent 
need  of  our  pavements  and  the  belief  that  we  are  not  pro- 
ceeding in  such  a  way  as  to  obtain  the  best  results  for  the 
money  expended,  has  induced  me  to  confine  my  attention 
mainly  to  this  latter  subject.  When  it  is  remembered  that 
to  replace  the  existing  cobble  and  rubble  pavement  will 
cost  from  $20,000,000  to  $25,000,000,  it  becomes  a  serious 
matter,  and  it  is  important  that  we  should  start  right.  If 
this  money  were  raised  by  loans,  the  interest  on  it  would  be 
$1,000,000,  at  four  per  cent.,  and  were  it  not  for  our  present 
unfortunate  inheritance  of  debt,  thirty-five  per  cent,  of  our 
income  from  taxes,  or  nearlv  foui-  and  a  half  million  of  dollars 
annually  might  be  applied  to  public  improvements,  without 
increasing  the  rate  one  cent.*  Yet  it  is  seriously  proposed 
to  perpetuate  this  evil  in  an  aggravated  form. 

In  conclusion,  let  us  now  gather  up  the  threads  of  this 
mottled  fabric  and  fix  in  outline  the  pattern  it  has  revealed. 

We  have  seen  that  our  pavements,  as  laid,  are  radically 
defective,  being  structurally  weak  and  ill  adapted  to  their 
purposes ;  that  the  foundation  is  inefiicient  and  the  surface 
covering  in  most  cases  such  as  to  oppose  far  more  resist- 
ance to  traffic  than  is  necessary ;  that  it  involves  a  waste  of 
power  and  an  excessive  wear ;  that  the  constant  breaking 
into  the  streets  for  repairs  to  sewers,  for  laying  mains  and 
for  house  connections  is  a  serious  evil  that  should  be 
avoided. 

That  the  form  of  tracks  used  for  tram-rails  and  their 
foundation  are  alike  inferior  to  modern  requirements  and  far 
behind  the  present  state  of  the  art  of  street  railway  building. 

That  the  specifications  are  so  worded  that  a  strict  inter- 
pretation of  them  would  either  prevent  any  one  from 
bidding  or  greatly  increase  the  price  of  the  work. 

That  the  method  of  paying  for  these  improvements  by 
assessment  bills  is  obnoxious  and  an  obstacle  to  the  passage 
of  ordinances  for  the  proper  paving  and  grading  of  many  of 
our  streets. 

*  The  assessed  value  of  taxables  for  1889  is  §688,713,518,  at  $1.85  per 
$100,  gives  for  the  revenue  from  this  source  512,646,199.75. 
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Tkat  a  system  of  stibways  should  be  constructed  by  the 
city  for  the  various  kinds  of  municipal  service,  and  be  rented 
to  the  private  corporations  desiring  such  privileges.  The 
revenues  from  these  rentals  as  well  as  the  reduced  cost  of 
cleaning  and  maintaining  the  pavements  would  abundantly 
compensate  the  city  for  the  cost  of  the  work. 

That  the  use  of  the  sidewalks  for  storing,  exhibiting  and 
packing  goods  constitutes  a  serious  nuisance.  That  the 
grades  of  new  streets  and  avenues  should  be  kept  below  the 
final  surface  to  serve  as  a  base  for  the  subsequent  pavement, 
thus  saving  large  sums  for  excavation  and  reforming  of 
foundations. 

That  the  wearing  surface  should  be  as  free  from  joints 
as  possible,  especially  if  they  are  longitudinal,  and  that  the 
smoother  the  surface  the  larger  the  traffic  will  become. 

The  mere  recital  of  these  defects  is  sufficient  to  suggest 
their  appropriate  and  manifest  remedies,  which  it  rests  with 
us,  as  citizens,  to  apply. 

They  embrace  three  distinct  lines  of  action  :  (i)  the  prep- 
aration of  a  systematic  plan  for  streets  and  conduits  under 
engineering  supervision ;  (2)  the  formulation  of  a  more 
equitable  plan  for  raising  the  means  wherewith  to  pay  for 
extended  improvements,  and  (3)  provision  for  the  rapid  and 
thorough  execution  of  the  works. 

Having  now  reviewed  briefly  what  may  be  called  the 
theoretical  side  of  the  subject,  let  us  look  at  some  of  the 
practical  results  obtained  at  home,  as  well  as  abroad,  correct- 
ing our  impressions  and  judgment  by  means  of  the  com- 
parisons. 

This  series  of  fifty-four  slides  has  been  carefully  prepared 
to  show  the  various  types  of  pavements  and  their  ordinary 
defects,  from  the  best  to  the  worst,  including  sheet  asphalt, 
brick,  stone  block,  asphalt  block,  cobble  and  rubble,  with 
curbs,  trams  and  the  various  features  of -street  obstructions, 
broken  sewers  and  machinery  for  sweeping.* 

Note. — About  thirty  of  the  views  were  selected  from  the 

*  The  Journal  is  indebted  for  the  use  of  the  foregoing  specimen  illustra- 
tions of  street  pavements  iq  Philadelphia  to  the  Philadelphia  Sunday  Mercury, 
which  published  an  abstract  of  Prof  Haupt's  lecture. — Com.   Puh. 
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streets  of  Philadelphia  which  were  contrasted  with  those 
of  London,  Paris,  Amsterdam,  Newcastle,  Vienna,  Stratford- 
ou-Avon,  Rome  and  Pompeii. 


PHILOSOPHY    OF    THE    MULTLCYLIXDER,  or    COM- 
POUND, ENGINE;  its  THEORY  AND  ITS 
LIMITATIONS.* 


By  Robert  H.  Thurston,  Ithaca,  N.  Y. 


Were  it  possible  to  construct  a  steam-engine  of  which 
the  theor}-  should  be  purely  thermodynamic,  an  engine  in 
which  the  only  waste  of  energy-  should  be  that  known  as 
the  necessary  thermodynamic  loss,  its  theory  would  be  most 
simple  and  most  satisfactory.  The  efficiency  of  the  engine 
and  the  quantities  of  heat,  steam,  and  fuel  demanded  for 
its  operation  at  a  given  power,  would  be  simple  functions 
of  the  physical  properties  of  the  steam  and  of  its  ratio  of 
expansion.  The  engineer,  in  constructing  its  theory,  would 
only  concern  himself  with  the  quantity  of  heat  imported 
into  the  machine,  the  temperatures  of  the  initial  and 
terminal  portions  of  the  expansion  line,  and  the  relation  of 
initial  to  back  pressures.  As  was  well  stated  by  Rankine, 
a  generation  ago,  nearly,  the  essential  facts  are  the  magni- 
tudes of  the  pressures  and  volumes  of  the  steam  and  the 
extent  of  adiabatic  expansion,  and  it  matters  not  whether 
the  engine  be  one  of  a  single  cylinder  or  a  multi-cylinder 
engine  of  indefinitely  extended  complexity.  For  this,  the 
ideal  case,  as  the  writer  has  been  accustomed  to  call  it,  the 
indicator  diagram  represents  precisely  the  amount  of  trans- 
formation of  heat-energy-  into  mechanical  work,  and  the 
ratio  of  its  measure  in  units  of  work  to  the  mechanical 
equivalent  of  the  total  quantity  of  heat-energy  supplied  to 
the  engine,  while  doing  that  work,  is  the  measure  of  the 

*  Presented  at  the  Twentieth  Meeting  of  the  American  Society  of  Mechan- 
ical Engineers,  held  in  New  York,  November,  1889.  Revised  by  the  author 
for  publication  in  the  JouR.VAL,  and  printed  by  permission  from  advance 
sheets  of  the  Society's  Transactions. 
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efficiency  of  the  engine ;  as  it  is  of  the  thermodynamic 
efficiency  of  the  working  fluid.  The  thermodynamic  effi- 
ciency, the  dynamic  efficiency  of  the  machine,  and  the  total 
efficiency  of  the  engine  are  here  identical. 

To  ascertain  how  much  heat,  steam,  and  fuel  are 
demanded  by  such  an  engine  for  the  performance  of  work, 
it  is  only  necessary  to  measure  the  quantity  of  work  done 
by  the  steam  upon  the  piston,  as  shown  by  the  indicator, 
and  to  divide  this  quantity  by  the  energy  received  by  the 
engine  from  the  boiler ;  the  quotient  is  the  efficiency  of  the 
engine.  As  the  operation  of  the  engine  approaches  more 
nearly  the  conditions  of  best  eifect,  the  magnitude  of  this 
measure  of  efficiency  approaches  a  limit  which  is  expressed 
by  the  quotient  of  the  range  of  temperature  worked 
through  to  the  absolute  temperature  of  the  working  fluid 
at  entrance  into  the  engine.  Were  all  heat  received  com- 
pletely utilized  and  the  full  thermodynamic  equivalent 
realized  in  work  performed,  the  quantity  of  steam  demanded 
per  hour  and  per  horse-power,  under  the  conditions  now 
common  in  practice,  as  to  initial  and  final  temperatures,  the 
engine  being  assumed  perfect,  structurally,  would  be  about 
two  and  a  half  pounds,  for  efficiency  unity,  or  not  far  from 
ten  pounds  for  the  best  real  cases,  no  wastes  occurring. 
The  excess  of  the  actual  consumption  of  fuel,  in  the  best 
engines,  above  this  last  figure  measures  the  sum  of  all  wastes 
in  real  engines  due  to  imperfections  other  than  of  thermo- 
dynamic cycle.  Thus,  the  best  work  of  the  Corliss  mill- 
engine  may  be  taken  as  about  sixteen  pounds  of  steam  per 
horse-power  and  per  hour,  where  the  thermodynamic  effi- 
ciency is  as  just  assumed,  about  twenty-five  per  cent.  The 
wastes  amount,  in  this  case,  therefore,  to  about  six  pounds 
per  horse-power  and  per  hour,  or  sixty  per  cent,  of  the  ideal 
consumption.  This  comparison  is  easily  made  by  a  method 
first  presented  in  full  by  Rankine,  a  generation  ago,  and 
which  enables  the  thermodynamic  efficiency  to  be  easily 
computed  for  any  given  case.*  Examples  will  be  presently 
given  of  its  application. 

*  The  Steam- Engine  and  other  Prime  Movers,  pp.  383-412. 
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The  wastes  of  the  steam-engine  comprehend  two  prin- 
cipal classes :  the  external  and  the  internal  wastes ;  and 
these  latter  are  of  two  distinct  kinds.  We  may  classify 
them  thus  : 

(i)  External  wastes;  consisting  of  those  losses  of  heat 
without  transformation  which  are  produced  by  the  conduc- 
tivity and  the  radiating  power  of  the  materials  of  which  the 
heated  parts  of  the  engine  are  composed.  Heat  which 
might  otherwise  be  utilized  by  conversion  into  mechanical 
energy,  is  conducted  or  radiated  to  the  adjacent  parts  of  the 
engine  and  to  surrounding  objects. 

This  form  of  waste  is  of  small  amount,  comparatively, 
and  can  readily  be  kept  down  to  an  unimportant  proportion 
of  the  heat  supplied  from  the  boiler  by  properly  covering 
exposed  parts  of  the  engine  with  non-conducting  covering. 
Five  per  cent,  should  probably  represent  as  large  a  per- 
centage as  is  to  be  reasonably  expected  in  good  practice. 

(2)  Internal  wastes ;  consisting  of  two  parts : 

{a)  Thermodynamic,  unavoidable,  losses  of  heat  rejected 
at  the  lower  limit  of  temperature  of  working  fluid; 

(b)  Wastes  by  internal  conduction  and  storage  of  heat, 
followed  by  later  rejection  with  the  exhaust  steam. 

To  these  are  to  be  added : 

(3)  Wastes  of  mechanical  energy. 

Of  these  losses,  the  first,  {a),  represented  by  the  fraction, 

■    ■  T. 

as  a  minimum,  —f  of  the  heat  supplied,  is,  for   any  given 

■'1 

set   of  initial    and    final    temperatures  of  working   fluid,  a 

fixed  and  irreducible  quantity,  and  one  which  measures  the 
defect  of  efficiency  of  the  perfect  engine  working  between 
the  given  temperatures.  The  second,  ip),  is  a  quantity  of 
variable  amount,  capable  of  amelioration  by  one  or  all  of 
several  known  expedients,  and  reducible  from  the  enormous 
proportion  observed  in  small  and  ill-designed  or  badly  con- 
structed engines  to  a  very  moderate  amount  in  large  engines 
of  good  type.  The  last  item,  (3),  is  one  which  is  seldom 
large  in  good  constructions,  as  compared  with  the  magni- 
tudes, at  least,  of  the  other  kinds,  and  may  in  some  cases, 
by  careful  design,  good  construction  and  skilful  manage- 
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ment,  be  brought  down  to  less  than  five  per  cent,  in  non- 
condensing  and  to  perhaps  ten  per  cent,  of  the  total  energy 
in  condensing  engines  of  simple  forms  and  high  mean 
working  pressures.  The  unavoidable  thermodynamic  waste* 
is  rarely  less  than  seventy-five  or  eighty  per  cent.,  and  the 
internal  wastes  by  conduction  and  storage  with  subsequent 
rejection,  by  cylinder  or  internal  condensation,  as  it  is 
customarily  called,  and  by  leakage,  range  from  ten  per  cent., 
as  a  minimum,  perhaps,  to  twenty-five  or  thirty  per  cent.,  in 
good  engines,  to  fifty  per  cent.,  in  many  cases,  and  even  to 
much 'more  than  the  latter  proportion  in  exceptional  cases. 
It  is  this  which  constitutes,  ordinarily,  the  great  source  of 
loss  and  inefficiency  of  the  real,  as  distinguished  from  the 
ideal  engine.  Leakage,  in  well-built  engines,  may  be 
neglected  as  unimportant ;  but  internal  condensation  is 
usually  both  serious  in  amount  and  extremely  difficult  to 
check  effectively. 

Since  it  is  easy  to  prevent  serious  losses  by  external 
transfers  of  heat,  by  leakage,  or  by  friction  of  engine,  and 
since,  as  is  well  understood,  the  thermodynamic  waste  is 
unavoidable,  and  for  any  given  case  unalterable  by  the 
engineer,  it  is  obvious  that  the  direction  in  which  he  must 
look  in  his  endeavor  to  further  improve  the  economical 
performance  of  the  engine,  is  that  which  leads  towards  the 
reduction  of  internal  wastes  by  cylinder  condensation. 

The  method  of  internal  waste  by  condensation,  as  is 
now  well  and  generally  known,  and  as  is  now  shown  by  all 
authorities,*  consists  in  the  absorption  and  storage  of  heat 
in  the  metal  constituting  the  internal  surfaces  of  the  cylin- 
der, at  the  commencement  of  the  stroke,  and  to  an  extent 
which  is  determined  by  the  difference  of  temperature  at  the 
moment  existing  between  the  prime  steam  and  those  sur- 
faces which  have  been  exposed,  during  the  exhaust  stroke, 
to  the  cooling  influence  of  the  comparatively  cold  steam 
passing  into  the  condenser  or  into  the  atmosphere.  This 
stored  heat  is,  later,  rejected  during  the  terminal  portion  of 

*  See  especially  the  works  of  Clarke,  Hirn,  Isherwood,  and  Cotterill,  and 
more  recently  of  Dwelshauvers-Dery. 
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the  expansion  period,  and  during  the  succeeding  exhaust 
stroke,  to  the  mass  of  steam  exhausted,  in  its  turn,  at  the 
opening  of  the  exhaust  passages.  The  quantity  so  wasted 
varies  with  the  weight  of  steam  worked  thermodynamically 
each  stroke,  with  the  area  of  surface  exposed  to  this  action, 
with  the  period  of  exposure,  and  with  the  range  of  temper- 
ature worked  through  during  the  cycle.  It  is  thus  always 
an  increasing  quantity  when  the  ratio  of  expansion  is 
increased,  and  as  the  size  of  engine  doing  a  given  amount 
of  work  is  increased ;  it  is  diminished  by  increasing  engine- 
speeds  and  by  any  expedient  which  reduces  the  storing 
capacity  of  the  interior  of  the  cylinder.  Since  it  is  always 
an  increasing  function  of  the  ratio  of  expansion,  there 
always  will  be  found,  in  any  engine  and  under  any  given 
conditions  of  operation  in  other  respects,  a  point  beyond 
which  further  increase  in  the  magnitude  of  that  ratio  will 
result  in  a  loss  by  cylinder  condensation  greater  in  amount 
than  the  gain  due  to  extended  expansion,  a  circumstance 
which  has  been  now  known,  for  many  years,  as  placing  an 
early  limit  to  the  expansion  of  steam,  and  to  the  gain  to  be 
anticipated  as  a  consequence.* 

The  method  of  variation  of  this  waste  was  qualitatively 
determined  by  Clarke  about  1850,  was  roughly  gauged  by 
him,  both  as  to  magnitude  and  as  to  its  effect  in  limiting 
the  ratio  of  expansion ;  was  quantitatively  investigated  by 
Him  and  by  Isherwood  afterward,  and  was  finally  made  the 
subject  of  an  investigation,  under  the  supervision  of  the 
writer,  by  Messrs.  Gately  and  Kletsch,  on  a  plan  sketched 
out  by  the  writer  some  years  earlier,f  in  which  it  was 
endeavored  to  ascertain  with  some  degree  of  accuracy  the 
method  of  variation  of  the  waste  with  variation  of  each  of 
the  essential  conditions  affecting  and  determining  it.  The 
result  of  this  research  in  brief  was  to  show  that  the  waste 
varied,  in  the  cases  studied,  sensibly  as  the  square  root  of 

*  Trans.  Am.  Soc.  Mech.  Engrs.,  1882,  et  seq.;  Trans.  N.  V.  Acad.  Set., 
1882  ;  Bril.  Assoc,  for  Adv.  Set.,  1884;  this  Journal  1882,  et  seq. 

t  This  Journal,  Oct.  and  Nov.,  1885.  Trans.  .4m.  Assoc,  for  Adv.  Set., 
Ann  Arbor  Meeting,  1885. 
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the  ratio  of  expansion,  and  as  the  time  of  exposure,  and 
was  subject  to  a  very  slow  decrease  as  the  pressures  adopted 
increased,  the  engine  being  worked  condensing  :  decreasing 
about  twice  as  rapidly,  the  condenser  being  thrown  off.* 

Variation  with  ratio  of  expansion  was  also  capable  of 
being  expressed  with  great  accuracy  by  an  hyperbolic 
expression,  the  product  of  areas  of  surface  exposed  up  to 
the  point  of  cut-off  and  the  percentage  of  condensation 
being  found  sensibly  constant.  Under  ordinary  working 
conditions,  the  steam  pressure  being  about  sixty  pounds 
per  square  inch,  by  gauge,  the  cut-off  at  one-third,  and  the 
speed  of  piston  554  feet  per  minute,  and  of  rotation  sixty- 
eight  revolutions,  the  condensation  was  about  one-third, 
or  the  equivalent  of  fifty  per  cent,  of  the  total  consumption 
of  a  similar  engine  having  a  non-conducting  cylinder,  and 
thus  free  from  this  waste.  Reduced  to  quantity  of  steam 
and  of  heat  wasted,  per  square  foot  of  surface  exposed  to 
point  of  cut-off,  per  minute  of  exposure,  and  per  degree  of 
range  of  temperature  between  prime  and  exhaust  steam, 
Professor  Marks  finds  the  co-efficient  to  be  0'02  pounds,  or 

18  B.T.U.,  nearly,  a  result  closely  confirmed  by  the  investi- 
gations of  the  same  author,  taking  Hill's  experiments  for 
comparison,  and  also  corroborated  by  the  later  work  of  other 
investigators. 

These  facts  and  laws  being  established,  it  becomes  possi- 
ble to  determine  the  behavior  of  steam  entering  an}'  given 
cylinder,  and  its  method  of  working  and  of  waste  in  any 
engine.  Common  experience,  as  well  as  theoretical  consid- 
erations based  upon  the  investigations  already  made,  prove 
that  it  is  impossible  to  expand  steam  in  the  ordinary  single- 
cylinder  engine  with  satisfactory  gain  of  efficiency,  beyond 
a  point  variable  with  the  conditions  assumed,  but  which 
may  be  roughly  taken  as  not  far  from  that  giving  a  ratio  of 
expansion  equal  to  about  one-half  the  square  root  of  the 
steam  pressure,  measured  from  vacuiim  for  the  condensing 
engine  of   common  type,  or  as  measured  by  gauge  for  the 

*  The  pVoportion  thus  waited  in  these  experiments  were  from  o-i8   |/r  to 

019  1   r.     The  writer  takes  i- =  02  1  r  in  later  work. 
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non-condensing  engine.  The  waste  by  internal  condensa- 
tion increasing  as  the  point  of  cut-off  is  shortened  up,  the 
loss,  after  a  time,  compensates  the  gain  by  increased  expan- 
sion, and  a  point  of  maximum  economj'  is  passed  at  a  very 
early  stage  for  the  older  types  of  engine  and  later,  but  still 
at  a  comparatively  low  value  of  the  ratio  of  expansion,  for 
modern  engines.  For  example,  the  old  beam  engine,  such 
as  was  used  in  American  rivers,  or  in  the  coast  trade,  a  gen- 
eration ago  (1850),  with  steam  at  twenty-five  pounds  by 
gauge  and  a  low  piston  speed,  had  a  ratio  of  initial  to  back 
pressure  plus  friction  of  about  8  to  i  ;  but  its  best  ratio  of 
expansion  for  efficiency  of  fluid  was  about  2  or  2\.  The 
same  type  of  engine,  later,  with  twice  the  pressure  per 
gauge,  had  values  of  these  two  ratios  of  about  16  and  of  4  or 
'  5  respectively.  The  ratio  of  expansion  for  maximum  effi- 
ciency of  working  fluid  was  thus  but  about  one-fourth  that 
which  thermodynamic  theory,  unqualified,  would  dictate. 
As  engines  have  been  improved  this  discrepancy  has  been 
reduced,  but  it  still  remains,  with  the  best  of  engines, 
considerable. 

The  amelioration  of  wastes  thus  becomes  an  important 
matter.  It  thus  happens  that  the  efficiency  and  economy 
of  operation  of  the  single  cylinder,  the  "  simple  "  engine,  is 
at  all  times  limited  by  this  very  serious  internal  waste,  and 
the  question  which  all  engineers  since  Watt  have  been 
endeavoring  to  solve,  is :  In  what  manner  may  we  best  pro- 
ceed to  eliminate  or  ameliorate  this  loss.  The  three 
methods  which  have  been  found  advantageous,  and,  in 
special  cases,  fairly  effective,  are  : 
(i)  Superheating. 

(2)  Steam  jacketing. 

(3)  "  Compounding." 

It  is  evident  that,  if  the  steam  can  be  introduced  into 
the  engine  at  such  a  temperature  that  the  cooling  action  of 
the  metal  of  the  cylinder  will  not  cause  its  condensation 
initially,  and  the  stroke  may  be  performed  without  conden- 
sation in  consequence  of  doing  work,  no  loss  of  heat  from 
the  cylinder  can  take  place  by  re-evaporation  ;  and  if  no  such 
loss  occurs,  the  waste  of  heat  at  entrance,  in  turn,  by  initial 
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cooling,  will  be  reduced.  Superheated  steam,  also,  is  a  non- 
conductor and  a  non-absorbent  of  heat,  precisely  like  the 
permanent  gases.  It  is  thus,  also,  less  liable  to  this  waste. 
But  it  is  found  in  practice  that  superheating  beyond  a  very 
moderate  degree,  perhaps  ioo°  F.,  is  inadvisable  on  account 
of  risks  of  injury  to  engines  and  cost  of  repairs  to  super- 
heater, which  more  than  compensate  its  advantages.  It  has 
come  to  be  regarded  as  an  auxiliary  in  economizing,  not  as 
a  remedy  for  interior  wastes. 

Steaui-jackcting\'&  another  and  a  common  partial  remedv  for 
this  \yaste.  By  surrounding  the  steam-cylinder  with  the 
steam-jacket,  it  is  possible  to  produce,  in  part,  the  effect  of 
superheating ;  that  is  to  secure  dryer  steam  in  the  engine 
throughout  the  stroke.  The  amount  of  re-evaporation, 
during  the  period  succeeding  cut-off  and  up  to  the  closure 
of  the  exhaust-valve,  and  the  quantity  of  heat  of  which  the 
cylinder  is  thus  robbed,  measures  the  amount  of  initial  con- 
densation and  waste  and  the  weight  of  steam  which  must 
be  supplied  in  excess  of  the  thermod^mamic  demand  to 
compensate  that  loss.  The  effect  of  the  addition  of  a  steam- 
jacket  depends  upon  the  conditions  of  operation  of  the 
engines,  largely,  and  may  be  productive  of  marked  advan- 
tage, or  under  unfavorable  conditions,  of  no  important 
useful  effect.  With  steam  initially  dry  or  superheated,  the 
jacket  is  probably  always  decidedly  helpful;  but,  with  wet 
steam,  it  is  of  comparatively  little  value,  even  if  not  some- 
times a  positively  wasteful  adjunct.  High-speed  engines 
derive  less  advantage  from  its  application  than  slow-moving 
machines ;  and  compound,  or  multi-cylinder  engines  are  less 
dependent  upon  it  for  econom}'  than  are  simple  engines. 
The  saving  effected  in  ordinary  cases,  by  its  use,  may  be 
taken  as  averaging  about  twenty  per  cent. ;  and  about  the 
same  gain  is  attained  by  eft'ective  superheating  within  the 
usually  practicable  range.  The  two  devices  in  conjunction 
may  be  expected,  ordinarily  in  mill  engines,  perhaps,  to 
give  a  gain  of  something  like  thirty  per  cent,  as  compared 
with  the  standard  forms  of  unjacketed  simple  engine  work- 
ing with  slightly  -vyet  steam.  The  addition  of  either 
expedient  to  the  latter  practice,  if  properly  performed,  con- 
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siderably  increases  the  magnitude  of  the  ratio  of  expansion 
at  maximtim  efficiency  of  fluid.  Where  it  would  ordinarily 
be  approximately  equal  to  one-half  the  square  root  of  the 
pressure,  as  above,  it  might  become,  with  superheating  or 
with  steam-jacketing,  a  figure  as  much  as  thirty  or  forty 
per  cent,  higher ;  and  both  expedients  together  might 
nearly  double  the  profitable  ratio  of  expansion.  The  assump- 
tion is  commonly  made  that  the  superheating  is  retained 
throughout  the  stroke  and  that  steam-jacketing  may  be 
relied  upon  to  keep  the  working  charge  dry  and  saturated 
throughout  the  stroke ;  but  neither  of  these  hypotheses,  as 
employed  in  the  theory  of  the  engine,  is  practically  correct. 
" Coin/>oiinding"  oxtliiQXLse  of  the  multi-cylinder  engine,  in 
which  the  steam  exhausted  from  one  cylinder  is  again 
worked  in  a  succeeding  one,  is  the  most  familiar  of  devices 
for  extending  the  economical  range  of  expansion  and 
increasing  the  efficiency  of  the  engine.  The  limit  to  the 
useful  extension  of  the  expansion  of  steam  in  a  single 
cylinder  is  found  to  be  determined  by  the  magnitude  of  the 
wastes  incurred  in  the  operation  of  an  engine  of  which  the 
working  cylinder  is  a  good  conducting  material.  Any 
method  of  reducing  this  waste  of  heat  internally  will  enable 
the  efficiency  of  the  engine  to  be  increased  by  further  profit- 
able extension  of  the  ratio  of  expansion.  Common  experi- 
ence with  the  best  constructions,  and  considerations  which 
need  not  be  here  reviewed,  show  that  the  engineer  may 
reasonably  expect,  by  good  design,  construction  and  manage- 
ment, to  secure  an  economy  of  steam  which  is  fairly 
measured  by  the  following  table,  the  ratios  of  expansion,  r, 
taken  being,  for  each  case,  those  which  give  best  results  for 
a  given  engine  :  * 

STEAM    PER     HORSE-POWER    PER    HOUR,    AT    BEST    RATIOS    OF     EXPANSION"    IN 

BEST    ENGINES. 

r  3       4       5       6       7       8       10      12       15      20      25       50       75 

lbs.      32     27     25     22     20     20      19      17      16      15      15      I'l      09 
kgs.     15     12     II     II       9      9        9        8        7        7        7      0-5      0-4 

and  ten  per  cent,  better  figures  than  these  have  been  actually 
reported  in  peculiarly  favorable  cases. 

*  "Several  efficiencies  of  the  Steam-Engine."      Trans.  A.S.  M.E.,  and 
this  Journal,  1882. 
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Assuming  it  to  be  possible  to  divide  the  waste  by  cylinder 
condensation  and  leakage  by  two  or  more,  it  is  evident  that 
the  limit  to  economical  expansion  and  transformation  of 
heat  into  work  will  be  set  correspondingly  further  away*. 
This  is  precisely  what  is  done  by  the  multi-cylinder  engine. 
The  internal  wastes  are  reduced  approximately  to  those  of 
one  of  its  cylinders,  and  the  gross  percentage  of  waste  is  made 
less  in  the  proportion  of  this  division.  The  heat  and  steam 
rejected  as  waste  by  internal  transfer  without  transforma- 
tion from  the  first  cylinder,  is  utilized  in  the  second  nearly 
as  effectively  as  if  it  were  received  directly  from  a  boiler  at 
the  pressure  of  rejection  from  the  first  cylinder.  In  so 
much,  therefore,  as  the  pressure  can  be  increased  and  the 
increase  utilized  by  the  addition  of  another  cylinder,  gain  is 
secured.  If  the  total  ratio  of  expansion  can  thus  be  raised, 
under  the  best  working  conditions  for  each  case,  we  will  say, 
from  four  up  to  eight,  we  should  hope  to  secure  a  reduc- 
tion of  coal  consumed  from  two  and  a  half,  we  will  saj',  to 
two  pounds  per  horse-power  and  per  hour,  which  is  about 
the  average  figure  in  good  practice. 

The  jjractical  questions  thus  meet  the  engineer:  To 
what  extent  can  this  principle  be  availed  of?  What  range 
of  pressure  and  what  ratio  of  expansion  should  be  assigned 
to  a  single  cylinder?  and  how  many  cylinders  should  be 
adopted  to  give  best  results  with  the  highest  steam  pressure 
practicable  for  a  specified  case  ?  Common  experience  aids 
in  solving  this  problem  by  showing  that  the  very  best 
results  are  ordinarily  obtained,  in  each  class  of  multi- 
cylinder  engine,  when,  the  engine  being  properly  designed 
for  its  work,  the  terminal  pressure  for  the  system  can  be 
economically  made  something  above  the  sum  of  back 
pressure  in  the  low  pressure  cylinder,  plus  friction  of  engine. 
This  total  may  be  usually  taken,  probably,  at  about  eight  or 
ten  pounds  above  a  vacuum.  The  latter  figure  will  be  here 
assumed. 

The  fundamental  principles  are  now  easily  perceived. 
There  are  three  main  facts  upon  which  to  base  our  theory 
of  the  multi-cylinder  engine.     These  are : 

( I )  Economical  expansion  in  a  single  cylinder  has  a  limit,  due 
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to  increasing  internal  z^'astes,  which  is  found  at  a  comparatively 
loiv  ratio  of  expansion. 

(2)  The  method  of  expansion  may  be,  for  practical  purposes, 
such  as  are  here  in  viezv,  taken  to  be  approximately  hyperbolic  ; 
the  terminal  pressure  being  something  above  that  zvhich'  corre- 
sponds to  the  sum  of  all  useless  resistances,  and  luhich  may  be  here 
taken,  as,  for  example,  about  ten  pounds  per  square  inch  above  a 
vacuum.  The  division  of  the  initial  pressure  by  this  terminal 
pressure  zvill  thus  give  an  approximate  measure  of  the  desirable 
ratio  of  total  expansion  for  the  best  existing  engines. 

(3)  All  steam  entering  any  one  cylinder  will  be  rejected,  as 
steam,*  into  the  succeeding  cylinder,  external  zvastes  bet?ig 
neglected,  and  into  the  condenser ;  and  the  full  amount  of  steam 
condensed  at  entrance  by  absorption  of  heat  by  the  interior  sur- 
faces of  the  cylinder  zvill  be  re-evdporated  later,  and  will  pass 
into  the  condenser  or  into  the  next  cylinder,  and  heat  transferred 
in  the  one  direction,  in  the  one  process,  will  be  transferred  in  pre- 
cisely equal  amount  in  the  opposite  direction  in  the  other. 

This  last  point  is  a  very  important  one,  and  is  very  easily 
established.  The  cylinder,  when  in  steady  operation,  is 
neither  permanently  heated  or  permanently  cooled ;  no  pro- 
gressive heating  can  go  on,  as  it  would,  in  that  case,  become 
heated  above  the  temperature  of  the  steam  and  become 
a  super-heater ;  no  progressive  cooling  can  occur,  since,  in 
that  case,  the  cylinder  would  become  a  condenser  of 
indefinite  capacity.  It  must,  therefore,  transfer  to  the  next 
element  of  the  system  all  the  heat  which  it  receives, 
assuming  that  external  radiation  and  conduction  may  be 
neglected  and  that  the  Rankine  and  Clausius  phenomenon 
of  internal  condensation,  by  transformation  of  heat  into 
work,  is  ignored.  It  also  further  follows  that  the  introduc- 
tion of  one  or  of  many  cylinders  between  the  terminal 
element  and  the  boiler  does  not,  through  cylinder  condensa- 
tion, affect*  the  operation  of  the  latter  cjdinder,  however 
great  that  condensation  may  be,  provided  the  operation  of 

*  This  the  writer  would  denominate  Hirn's  principle.  See  a  paper  by 
Dwelshauvers-Dery  in  the  Bulletin  dc  la  Si>cictc  Indiistrielle  de  Mulhouse,. 
October,  1888,  on  the  theory  of  single-cylinder  engine. 
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the  added  elements  is  effected  by  raising  the  steam  pressure 
commensurately,  leaving  the  final  element  of  the  series  the 
same  initial  pressure  as  before.  The  total  waste  by  this  form 
of  loss  is  thus  evidently  measured,  in  the  case  of  the  multi- 
cylinder  engine,  by  the  maximum  waste  in  any  one  cylinder. 
If  all  are  equally  subject  to  this  loss,  the  rejected  steam  of 
re-evaporation  from  any  one  cvlinder,  as  the  high-pressure 
cylinder,  siipplies  precisely  what  is  needed  to  meet  the 
waste  by  initial  condensation  in  the  next ;  and  so  on  through 
the  series.  Thus  the  use  of  a  series  of '  cylinders,  in  this 
manner,  divides  the  total  waste  for  a  single  cylinder, 
aiDproximately,  at  least,  by  the  number  of  cylinders ;  and  it 
is  in  this  manner  that  the  compound  system  gives  its 
remarkable  increase  of  efficiency.  As  stated  by  the  writer, 
many  years  ago,  "The  serious  losses  arising  from  condensa- 
tion and  re-evaporation  within  the  cylinder,  and  which 
place  an  early  limit  to  the  benefit  derivable  from  expansion, 
affect  both  types  of  engine,  and  so  far  as  seems  now  known, 
equally;"*  but  the  modern  type  permits  the  interception  of 
the  heat  wasted  from  one  cvlinder,  for  utilization  by  its 
successor,  in  such  manner  that  the  total  waste  becomes, 
practically,  that  of  the  low-pressure  cylinder  alone.  If  any 
one  cylinder  wastes  more  than  another,  the  total  waste  is, 
as  above  stated,  measured  more  nearly  by  the  loss  in  the 
most  wasteful  member  of  the  system. 

Thus  the  three  principles,  which  have  been  above 
enunciated,  give  a  means  of  constructing  a  philosophy  of 
the  multi-cylinder  engine,  which  will  meet  the  essential 
needs  of  the  designer  and  of  the  student  of  its  theory.  The 
first  principle  shows  that  a  limit  existing  to  economical 
expansion  in  a  single  cylinder,  the  advisable  number  of 
cylinders  in  series  may  probably  be  determined,  when  that 
limit  is  ascertained,  either  by  experiment,  by  general  expe- 
rience, or  by  rational  theory  and  computation.  •  The  second 
principle  shows  that  we  may  find  a  tentative  measure,  at 
least,  of  the  desirable  total  ratio  of  expansion  for  maximum 
density,  when  the  best  terminal  pressure  for  the  chosen 

*  Vienna  Re|JOii,  1S753. 
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type  of  engine  is  settled  upon.  This  total  range  is  divided 
by  the  admissible  range  for  a  single  cylinder,  or,  perhaps 
better  stated,  the  total  ratio  is  a  quantity  which  should 
approximately  equal  the  admissible  ratio  for  a  single  cylin- 
der, raised  to  a  power  denoted  by  the  number  of  cylinders. 
Combining  thus  the  two  considerations  refen-ed  to,  we 
obtain  a  determination,  probably  fairly  approximate,  of  the 
proper  number  of  cylinders  in  series.  ■  The  third  principle 
permits  an  estimate  to  be  made  of  the  probable  internal 
wastes  of  the  series,  and  the  probable  total  expenditure  of 
heat  and  of  steam,  and  a  solution  of  all  problems  of 
efficiency  for  the  compound  engine,  of  whatever  type. 

The  first  step  in  the  process  is  evidently  the  determina- 
tion of  the  best  ratio  of  expansion,  under  the  assumed  con- 
ditions of  operation  and  for  the  given  type  of  engine,  for  a 
single  cylinder ;  then  the  best  ratio  of  expansion  for  the 
series,  all  things  considered,  this  study  being  made  from 
the  financial  standpoint,  as  must  be  every  problem  which 
the  engineer  is  called  upon  to  solve.  It  is  not  the  thermo- 
dynamic, nor  the  fluid,  nor  even  the  engine  efficiency,  which 
must  be  finally  allowed  to  '  fix  the  best  ratio  of  expansion  ; 
but  it  must  be  the  ratio  of  expansion  at  maximum  commer- 
cial efficiency,  that  which  will  make  the  cost  of  operation  at 
the  desired  power  a  minimum  for  the  life  of  the  system.* 
The  total  ratio  being  settled  upon,  and  that  allowable,  as  a 
maximum,  for  the  single  cylinder,  it  is  at  once  easy  to 
determine  the  best  number  of  cvlinders  in  series.  The  first- 
mentioned  ratio  is  that  at  maximum  commercial  efficiency, 
as  just  stated;  but  the  second  must  be  taken  as  that  which 
gives  the  highest  efficiency  of  engine,  the  back-pressure  in 
that  cylinder  and  the  friction  of  the  cylinder  taken  singly, 
being  considered,  together  with  its  proper  proportion  of  the 
friction  of  the  engine  as  a  whole. 

Studying  the  method  of  distribution  of  wastes  among  the 
several  cylinders  of  the  multi-cylinder  engine,  it  will  be 
observed  that,   since  the  pressures  increase  more  rapidly 


*  See  papers  by  the  writer  on  the  efficiencies  of  engines,  as  per  references 
already  given. 
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than  the  temperatures,  the  range  of  temperature  in  the  high- 
pressure  C3dinder  is  greatest ;  while,  the  same  weight  of 
steam  passing  through  the  whole  series,  the  low-pressure 
cylinder  presents  the  largest  area  of  condensing  surface  ifl 
proportion  to  steam  used.  These  differences  are  to  a  cer- 
tain extent,  though  not  wholly,  compensatory.  It  may  be 
assumed,  however,  without  serious  error,  that  the  necessity 
of  applying  jackets  or  other  methods  of  reducing  internal 
wastes,  will  apply  substantially  as  imperatively  to  one 
cylinder  'as  to  another,  and  that  the  adoption  of  a  common 
ratio  of  expansion  for  both  or  all  cjdinders,  or  of  apportion- 
ing the  ratios  with  reference  to  the  equal  division  of  power 
among  them,  will  be  found  perfectly  admissible  and  will 
introduce  no  serious  avoidable  loss.  Authorities  have 
greatly  differed  in  their  views  as  to  the  relative  advantage 
of  jacketing  one  or  another  cylinder;  but  it  is  at  least  safe 
to  jacket  all,  and  probably,  as  above  indicated,  best  to  do 
so.  The  importance  of  the  jacket  evidently  becomes  less  as 
other  expedients  for  reducing  wastes  of  this  kind  are  adopted 
and  are  made  more  effective ;  as  by  increasing  speed  of 
engine,  by  superheating,  by  reheating  between  cylinders ; 
and  cases  may  be  imagined  in  which  the  jackets  may  cease 
to  have  sufficient  value  to  justify  the  acceptance  of  the 
risks  and  expense  incurred  in  their  employiiient.  The 
same  is  true  of  the  more  complicated  forms  of  valve-gear 
needed  to  secure  an  approximation  to  the  ideal  distribution 
of  steam. 

The  extent  to  which  expansion  may  be  economically 
carried  in  a  single  cylinder  will  vary  somewhat  with  the 
initial  temperature  and  pressure,  and  with  the  physical 
condition  of  the  working  fluid ;  but  it  may  be  taken  as  ordi- 
narily not  less  than  two  and  a  half  expansions  for  unjacketed 
engines  with  wet  steam  and  three  or  four  for  the  better  class 
of  engines.  The  total  expansion  ratio  thus  becomes,  for 
several  types  of  multi-cylinder  engines,  as  below : 

MULTI-CYI.I.N'DER    ENGINES. 
No.  cyls.  I.  2.  J.  4. 

r  2-5103  6'25  to  9  16  to  27  40  to  81 

/i  25  to  30  lbs.     60  to  100  lbs.     I  20  to  300  lbs.     350  to  800  lbs. 
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Expansion  is  here  assumed  to  be  approximately  hyper- 
bolic, and  the  terminal  pressure  to  be  eight  or  ten  pounds 
per  square  inch.  General  experience  to  date  thus  indicates 
that  a  triple  expansion  engine  should  do  best  work  up  to  a 
pressure  of  about  250  or  300  pounds,  and  that  the  four-cylin- 
der engine  should  be  adopted  from  that  point  up  to  the 
highest  pressures  likely  to  be  adopted  in  the  steam-engine,  the 
doiible  expansion  compound  serving  its  purpose  well  below 
the  lowest  figures  above  assigned  to  the  triple  engine.  Any 
of  the  four  types  of  engine  may  be  made  to  overlap  the 
range  assigned  its  labor  by  suitably  providing  against 
wastes  occurring  within  the  engine  by  increased  speed,  by 
superheating,  by  expedients  giving  higher  effectiveness  to 
the  jackets,  or  other  methods  of  improvement.  Any  system 
which  increases  the  efficiency  of  the  simple  engine  will 
improve  the  efficiency  of  the  compound,  and  will  corre- 
spondingly increase  the  range  of  pressure  through  which  it 
will  give  satisfactory  gain  as  compared  with  the  former. 

( To   be   lontiuiied.) 


On    the    dilatation    and    COMPRESSIBILITY   of 

WATER    AND    THE    DISPLACEMENT    of    its 

MAXIMUM  DENSITY  bv  PRESSURE.* 


BV    E.    H.    AiMAGAT. 


Translated  by  Chief  Engineer  Isherwood,  U.S.N. 


I  have  described  in  a  preceding  communication  {Comptes 
Rendus,  August  23,  1886),  the  method  I  adopted  for  the 
determination  of  the  dilatation  and  compressibility  of 
liquids  under  very  high  pressures,  and  I  gave  some  of  the 
results  obtained,  but  not  corrected  for  the  deformation  of 
the  piezometers.  The  ascertainment  of  this  deformation, 
which  I  am  now  engaged  on,  appears  so  long  and  difficiilt, 
that  I  think  I  should  without  delay  make  known  the  results 
I  have  obtained  for  water,  which  has  a  special  interest 
because  of  its  phenomenon  of  maximum  density. 

*  Comptes  Rendus,  1887,  p.  11 59. 
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Mr.  Tait,  who,  previously  to  me,  investigated  water 
between  wide  limits  of  pressure,  has  given  for  that  liquid 
the  following  formula : 

''  ~~  ^'"  =  0-0000489  —  0-00000025  T  —  0-0000000067  t> 


applicable  between  6°  and  15°,  and  between  150  and  500 
atmospheres,  but  I  believe  that  no  physicist  up  to  the 
present  time  has  examined  the  subject  relative  to  the 
maximum  of  density. 

The  method  I  employ  gives  directly  the  pressure  neces- 
sary to  maintain  a  constant  mass  of  water  at  the  same 
volume  at  all  temperatures,  consequently,  if  with  two 
different  temperatures  the  same  pressure  is  obtained,  there 
must  lie  between  them,  as  regards  that  pressure,  the'tem- 
perature  corresponding  to  the  maximum  of  density.  The 
use  of  the  same  pressure  with  the  different  temperatures 
obviates  the  necessity  of  correction  for  the  elasticity  of  the 
material  of  the  piezometer,  for  the  calculation  of  which  the 
data  are  still  wanting.  The  correction  for  difference  of  tem- 
perature relative  to  the  dilatation  has  been  made  by  provi- 
sionally admitting  that  the  coefficient  of  dilatation  of  glass 
does  not  vary  with  the  pressure,  a  siipposition  which  cannot 
cause  any  notable  error,  inasmuch  as  in  the  present  case  the 
variation  of  temperature  is  only  of  a  few  degrees. 

As  regards  pressure,  I  have  carried  my  experiments  on 
water  up  to  3,200  atmospheres ;  and  as  regards  temperature, 
I  have  operated  between  zero  and  50°,  with  the  following 
results : 

At  200  atmospheres,  in  round  numbers,  the  maximum 
density  of  water  retrograded  towards  and  nearly  reached 
zero.  It  appeared  to  be  between  zero  and  0-5°  (half  a 
degree). 

At  joo  atmospheres  there  was  no  longer  any  maximum 
of  density  above  zero,  the  form  of  the  curves  indicating 
clearly  that  it  had  passed  below  zero ;  further,  the  investi- 
gation could  be  followed  to  still  lower  temperatures  since 
the  freezing  point  of  water  is  lowered  b}'  increased  pressure. 

To  well  understarid    the  cnsciiiblc  of  the  phenomena  and 
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the  resulting  consequences,  curves  should  be  formed  by 
taking  the  pressures  as  abscissas  and  the  volumes  as  ordi- 
nates,  to  represent  at  different  temperatures  the  volumes 
occupied  under  all  the  pressiires  by  the  same  mass  of  water. 
These  curves  intersect  each  other  successively  at  points 
which  correspond  to  the  change  of  the  sign  of  dilatation  of 
the  water,  and  fall  successively  in  the  order  of  the  temper- 
atures, the  pressure  increasing.  At  200  atmospheres  they 
are  in  the  normal  order,  becoming  more  and  more  closed  or 
straightened  as  the}'  correspond  to  lower  temperatures. 
The  pressure  constantly  augmenting,  they  become  more 
and  more  opened  in  such  a  manner  that  the  co-efificient  of 
dilatation  increases  rapidly  at  first,  and  then  more  slowly 
with  the  pressure,  which  is  just  the  contrary  of  what  takes 
place  with  all  the  other  liquids  I  have  examined.  Towards 
3,000  atmospheres  the  co-efficient  of  dilatation  ceases  to 
increase,  and  under  greater  pressures  it  probably  diminishes 
as  in  the  case  of  other  liquids ;  the  effect,  too,  is  much  less 
marked  as  the  temperature,  with   equal  pressure,  is  higher. 

There  results,  likewise,  from  this  disposition  of  the  curves 
that,  between  two  different  pressures,  the  difference  of  the 
ordinates  and  consequently  the  co-efficient  of  compressibility 
diminishes  when  the  temperature  increases,  which  is  also 
contrary  to  what  occurs  in  the  case  of  other  liquids,  a  fact 
long  since  shown  by  Grassi,  and  a  quite  natural  result  of  the 
disappearance  of  the  maximum  of  density.  Furthermore, 
and  for  the  above  reasons,  this  diminution  of  the  co-efficient 
of  compressibility  disappears  when  the  pressure  increases, 
and  it  also  disappears  when  the  temperature  increases, 
conformably  to  the  results  of  Messrs.  Pagliani  and  Vicentini, 
according  to  whom  the  compressibility  of  water  ceases  to 
decrease  above  50°.  The  temperature  at  which  this  inver- 
sion takes  place  decreases  when  the  pressure  increases. 

Generalty,  a  sufficient  increase  of  pressure  or  of  temper- 
ature gives  water  a  tendency  to  conform  to  the  ordinary 
case  of  liquids ;  and  towards  3,000  atmospheres  the  last 
traces  have  disappeared  of  the  perturbations  of  the  general 
law  which  result  from  the  existence  of  maximum  density. 

Such  are  the  general  results  of  the  ensemble  of  the  plie- 
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nomena.  I  shall  continue  the  study  in  detail,  and  investi- 
gate the  subject  below  zero.  I  can  give  the  definitive 
numerical  results  only  after  I  have  finished  the  work  now 
in  progress  on  the  deformation  of  the  piezometers.  * 

In  conclusion,  I  would  add  that  none  of  the  liquids  I  have 
studied  up  to  the  present  time,  has  shown  a  maximum  of 
density  under  any  pressure,  which  is  contrary  to  a  prevision 
formulated  recently  by  Mr.  Grimaldi,  based  on  assumed  con- 
stancy of  the  co-efficient  of  compressibility  within  wide 
limits  of  pressure,  an  assumption  in  complete  disaccord 
with  the  results  I  have  obtained  with  all  the  liquids  I  have 
investiofated. 


RESEARCHES   on  the  SPHEROIDAL  STATE  of 

WATER.* 


By  Mr.  Gossart. 


Translated  by  Chief  Engineer  Isherwotd,  U.S.N. 


The  results  which  I  have  the  honor  of  presenting  to  the 
Academy,  are  relative  to  the  temperature  of  water  in  the 
state  of  calefaction  under  decreasing  pressures  comprised 
between  760  millimetres  and  0-5  millimetre. 

Recently,  Mr.  Luvini  {II  N novo  Cii/iciito,  t.  xvii)  has  pub- 
lished some  researches  on  the  temperature  of  water,  of 
alcohol,  and  of  ether,  calefied  in  a  vacuum,  but  he  could 
not  maintain  constant  the  temperature  of  the  crucible  con- 
taining the  liquid  and  merely  resting  on  a  brick  heated 
under  a  glass  bell.  Forming  the  vacuum  rapidly,  he  fol- 
lowed the  simultaneous  change  of  a  thermometer  placed  in 
the  liquid,  and  of  the  pressure.  From  his  observations  he 
concluded  that  tlic  temperature  of  tlic  liquid  spheroid  is  the  same 
as  the  temperature  of  ebullition  under  the  pressure  in  the  enclosed 
space  and  that  there  could  be  thus  directly  caused  the  freez- 
ing of  water,  but  there  cannot  be  affirmed,  particularly  as 
the  crucible  is  not  taken  out  and  is  still  very  hot,  that  the . 
I'quid  has  not  ceased  ^o  be  in  the  spheroidal  state. 

*  Comptes  Rendus,  1887,  ^age  1270. 
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I  have  sought  to  verify  the  relation  indicated  by  Mr. 
Luvini,  but  maintaining  constant  the  temperature  of  the 
crucible,  the  volume  of  the  liquid,  and  the  pressure,  in 
order  to  measure  with  certainty  the  data  of  the  experiment. 

A  copper  plate  is  raised  at  its  centre  in  the  form  of  a 
truncated  cone,  the  upper  base  of  which  is  a  concave  plate 
of  0'04  metre  diameter  and  o-oi  metre  depth,  brazed  on. 
The  plate  is  turned  up  around  the  base  of  the  cone  so  as  to 
form  a  kind  of  box  in  which  a  current  of  cold  water  is 
circulated.  Inside  the  truncated  cone  and  above  the  plate 
is  a  lighted  gas-jet,  placed  there  to  heat  the  upper  base 
which  contains  the  liquid. 

Aroiind  the  plate  is  a  circular  gutter  or  groove  in  which 
is  cemented  bv  marine  glue  a  glass  bell  having  two  tubu- 
lures.  Through  the  central  tubulure  is  passed  a  mercurial 
thermometer  having  a  fiat  bulb  so  that  it  may  be  immersed 
in  the  liquid  or  drawn  out  to  remove  it  from  the  radiation 
of  the  crucible. 

The  lateral  tubulure  is  traversed  by  the  tube  for  making 
the  vacuum  and  by  another  and  narrower  tube  for  con- 
ducting the  liquid  that  feeds  the  drop.  With  a  Carre 
machine  the  vacuum  is  produced  at  the  same  time  in  the  glass 
bell  and  in  the  flask  containing  the  supply  of  liquid. 

A  large  tube  of  lead  traverses  the  bottom  of  the  plate, 
and  leads  the  small  drops  accidentall}'-  thrown  and  the  vapor 
into  a  large  cold  balloon  containing  sulphuric  acid.  From  the 
neck  of  the  balloon  go  tubes  to  a  barometric  manometer, 
and  to  a  trumpet  with  a  tubulure  for  the  entrance  of  air  or 
the  introduction  of  any  gas.  By  sealing  with  water  all  the 
stoppers  and  joints  I  have  been  able  to  maintain,  for  over 
twenty-four  hours,  a  pressure  of  less  than  one  millimetre. 

The  following  are  the  results  obtained  with  distilled 
water  for  pressures  comprised  between  760  millimetres  and 
O'S  millimetre: 

(i )  Below  33°  the  temperature  of  the  liquid  is  higher 
than  the  temperature  of  its  ebullition  under  the  pressure  in 
the  surrounding  space. 

(2)  From  33^  to  50^  :  the  difference  between  these  two 
temperatures   is  very  feeble,   sometimes  nothing,  and  not 
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surpassing  0-5°  at  most ;  it  is  sometimes  positive  and  some- 
times negative. 

(3)  Above  50°  up  to  90^ — the  last  temperature  I  observed 
— the  temperature  ot  the  drop  is  constantly  less  than  the  * 
temperature  of   ebullition    under   the  same  pressure.     Mr. 
Boutigny  obtained  97°  for  the  temperature  of  calefied  water 
under  the  pressure  of  760  millimetres. 

(4)  While  for  the  low  temperatures  the  differences  increase 
regularly  enough  between  0°  and  30°,  yet  above  50^^  the  dif- 
ferences, though  always  preserving  the  same  sign,  do  not 
appear'  to  vary  as  regularly.  This  is  a  point  to  which  I 
propose  to  return. 

These  conclusions  are  warranted  by  the  following  experi- 
mental results : 


Pressures  in 

Temperature  of  the 

Temperature 

Vfitlimetyes. 

Liquid  Caltfied. 

of  Ebullition. 

Differences. 

2 

0° 

1  -,0 

+  12° 

8 

>5 

8 

+  7 

21 

24-5 

23 

+    1-5 

35 

32-25 

3«-8 

+    0-45 

48 

37-5 

37-5 

0 

83 

48 

48 

0 

138 

58 

58-5 

—   0-5 

152 

60 

60-5 

—   0-5 

241 

70 

-o-S 

—  0-8 

341 

78 

79 

—    I 

567 

90 

92 

-» 

In  carrying  the  rarefaction  to  the  extreme  limit  of  0'5 
millimetre,  I  have  seen  a  drop  of  water,  of  at  least  two 
grammes,  become,  notwithstanding  the  high  temperature  of 
the  crucible,  first  opaque,  and  then  a  rounded  piece  of  solid 
ice,  which  remained  during  more  than  a  quarter  of  an  hour 
rocking  gently  on  the  crucible,  which  was  always  kept 
heated  by  the  gas-jet.  I  thus  realized  the  experiment 
imagined  by  Mr.  Luvini,  but  not  realizable  by  the  method 
he  employed. 
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PROCEEDINQS 


Chbmical   Section, 


Kranklin   Institute. 


[Stated  Meeting,  held  at  the  Institute,  Tuesday,  November  ig. 

Hall  of  the  Franklin  Institute, 
Philadelphia,  November  19,  1889. 
Mr.  T.  C.  Palmer,  Vice-President,  in  the  Chair. 

Members  present :  Prof.  R.  L.  Chase,  Mr.  A.  T.  Eastwick,  Mr.  Lee  K. 
Frankel,  Mr.  F.  Lynwood  Garrison,  Mr.  Reuben  Haines,  Prof.  L.  B.  Hall, 
Dr.  H.  W.  Jayne,  Dr.  H.  H.  Keller,  Mr.  F.  C.  Lewin.  Mr.  Otto  Liithy,  Mr. 
W.  W.  McFarlane,  Mr.  W.  L.  Rowland,  Prof.  S.  P.  Sadtler,  Prof.  Edgar  F. 
Smith,  Prof.  N.  Wiley  Thomas,  Dr.  Wm.  H.  Wahl,  Mr.  L.  E.  Williams  and 
two  visitors. 

The  following  gentlemen  were  elected  to  membership  in  the  Section  :  Mr. 
Geo.  L.  Norris,  Pencoyd,  Pa.;  Mr.  Hugh  A.  Gait,  loii  Spruce  Street,  Phila- 
delphia ;  Mr.  Lucius  E.  Williams,  Swarthmore  College,  Swarthmore,  Pa.;  Mr. 
Hermann  Schanche,  Gray's  Ferry  Chemical  Works,  Philadelphia. 

Dr.  Jayne  asked  for  information  on  By-Law  IV  regarding  the  dropping  of 
delinquent  members.  The  question  was  as  to  the  necessity  of  action  on  the 
part  of  the  Section  in  such  cases.  It  was  decided  that  no  special  action  of 
the  Section  was  necessary,  but  that  delinquent  members  shall,  at  the  proper 
time,  simply  be  dropped  from  the  list;  in  accordance  with  this  decision,  the 
Treasurer  notified  the  Secretary  to  drop  the  names  of  two  delinquents  from 
the  list. 

The  nomination  of  officers  for  the  ensuing  year  was  then  taken  up.  The 
following  nominations  for  President  were  made  :  Mr.  T.  C.  Palmer,  Prof.  S. 
P.  Sadtler,  Prof.  R.  L.  Chase.  On- motion,  the  nominations  for  President 
were  closed. 

Nominations  for  two  Vice-Presidents  were  then  made.  The  following 
gentlemen  were  put  in  nomination  :  Dr.  H.  H.  Keller,  Mr.  W.  L.  Rowland 
and  Prof.  Henry  Trimble.  On  motion,  the  nominations  for  Vice-Presidents 
were  closed. 

Dr.  W.  C.  D.iy  was  nominated  for  Secretary,  Dr.  H.  W.  Jayne  for  Treas- 
urer, and  Dr.  Wm.  H.  Wahl  for  Conservator. 
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Mr.  W.  W.  McFarlane  gave  a  description  of  some  new  dyeing  materials, 
in  which  he  explained  the  use  of  a  number  of  dyes  which  have  recently  been 
introduced  into  this  .country  by  the  representatives  of  Fried.  Bayer  &  Co.,  of 
Elberfeld  ;  samples  of  dyed  products  were  also  exhibited. 

Among  other  interesting  matters,  the  speaker  stated  that  "  carmine  blue  " 
is  dyed  with  the  use  of  Glauber's  salt  and  sulphuric  acid,  in  the  same  way 
as  indigo  carmine  or  extract,  and  further,  that  the  carmine  blue  will  probably 
displace  the  indigo  extract  at  no  distant  period  in  the  future.  "  Sulphon 
Azurin  "  is  also  used  in  dyeing  cotton,  using  a  boiling  bath  and  some  alka- 
line salt,  such  as  borax,  sal-soda,  sodium  phosphate  or  silicate.  The  blue 
produced  is  similar  in  shade  to  that  of  indigo,  and  is  said  to  withstand  the 
action  of  light  and  of  dilute  acids  as  well. 

Benzo-black-blue  is  dyed  in  cotton  in  the  same  way  as  other  benzo  colors, 
and  very  dark  shades  are  the  result.  There  are  two  shades  of  this  color, 
designated  respectively  as  G  and  R. 

The  paper  was  discussed  by  Messrs.  McFarlane  and  Palmer.  Dr.  Wahl, 
from  whom  a  paper  was  expected,  announced  that  he  must  defer,  until  a  later 
meeting,  his  paper  on  "  a  new  gold-like  alloy  ;"  and  gave  in  place  of  this,  a 
statement  of  further  results  obtained  by  him  in  the  electrolytic  deposition  of 
platinum,  exhibiting  specimens  of  work.  As  the  investigation  is  not  yet 
entirely  completed,  and  certain  details  of  the  mode  of  procedure  are  to  be 
made  the  subject  of  letters-patent,  the  speaker  preferred,  for  the  present,  to 
withhold  the  same  from  publication.  Dr.  Wahl  also  made  some  critical 
remarks  on  statements  made  in  a  paper  by  A.  J.  Rogers,  on  "  Experimental 
Researches  in  the  Reduction  of  the  difficultly-reducible  Metals,"  which 
was  published  in  the  Proceciiings  of  the  Wisconsin  Natural  History  Society , 
April,  1889,  expressing  doubts,  based  on  theoretical  considerations,  as  to 
the  accuracy  of  one  of  the  results  announced  by  the  author;  namely,  that  he 
had  obtained  "  a  yield  of  aluminium  six  times  greater  than  had  ever  been 
obtained  by  electrolysis." 

Mr.  F.  Lynwood  Garrison  presented  some  remarks  on  the  Paris  Expo- 
sition, with  special  reference  to  Metallurgy  and  Fuels.  As  these  remarks 
will  be  embodied  later  on  in  a  full  and  comprehensive  report  to  the  Institute, 
they  are  omitted  here;  this  paper  was  followed  by  a  general  discussion  of 
some  of  the  statements  it  included. 

Prof.  E.  F.  Smith  read  a  paper  on  the  occurrence  of  vanadium  in 
caustic  potash.  This  paper  was  referred  for  publication  He  then  pre- 
sented another  on  the  subject  of  nitration  by  the  use  of  nitrogen  trioxide  as 
obtained  by  the  action  of  nitric  acid  on  arsenic  trioxide.  This  paper  was  also 
referred  for  publication. 

Professor  Smith  next  presented  the  following  results  of  further  work  in  the 
electrolysis  of  metallic  sulphocyanide  solutions.  His  object  in  presenting 
these  results  was  to  reserve  for  the  future  the  field  upon  which  he  has  entered. 
In  addition  to  the  results  already  reported  in  a  former  paper,  it  was  observed 
that  iron,  cobalt  and  nickel  in  sulphocyanide  solutions  were  fully  deposited 
by  weak  currents,  and  that  the  [presence  of  a  sulphocyanide  in  manganese 
solutions  prevented  the  formation  of  the  dioxide,  and   when  the  latter  had 
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already  precipitated  the  addition  of  KCNS  would  effect  its  re-solution.  To 
these  facts  may  be  added  that  mercury,  cadmium,  bismuth  and  lead  deposit 
from  sulphocyanide  solutions.  With  lead,  a  behavior  analogous  to  that  noted 
with  manganese  was  observed. 

Approximate  quantitative  separations  were  made  in  several  cases,  but  the 
complete  development  of  these  observations  requires  further  study.  Another 
line  of  experiment  has  been  the  electrolysis  of  metallic  phosphates  in  the 
presence  of  free  phosphoric  acid.  Mercury,  silver,  copper,  cadmium,  lead, 
iron,  zinc,  cobalt,  and  manganese  have  given  interesting  results  qualitatively, 
and  quantitatively.  Separations  seem  possible  when  regard  is  had  to  the 
proper  condit  on  of  the  current.  The  speaker  stated  that  although  in  posses- 
sion of  quantitative  figures  in  some  of  these  cases,  he  preferred  to  postpone 
their  publication  until  a  careful  examination  has  been  made  with  each  metal. 
Curiously  enough,  with  manganese  phosphate  dissolved  in  phosphoric  acid 
there  is  no  separation  of  dioxide ;  the  solution  slowly  acquires  a  red  tint,  and 
in  time  becomes  turbid,  although  the  addition  of  more  acid  causes  the  tur- 
bidity to  disappear. 

Dr.  Warwick,  at  the  request  of  Professor  Smith,  has  begun  an  electrolytic 
study  of  the  metallic  formates ;  the  results  obtained  will  be  communicated 
later. 

Adjourned.  Wm.  C.  D.\y,  Secretary, 
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EXPERIMENTAL  RESEARCHES  in  the  REDUCTION 
OF  THE  DIFFICULTLY-REDUCIBLE  METALS. 


Bv  A.  J.  Rogers. 


\^Reprinted  from  the  Proceedings  of  the  Wisconsin  Natural  History  Society, 

April,  i88gr\ 

This  pamphlet  of  eighteen  pages  gives  the  result  of 
experiments  made  b}-  the  author,  upon  the  reduction  of 
sodium  and  of  aluminium  from  their  salts,  by  electrolysis,  at 
a  high  heat.  The  experiments  are  carefully  made,  giving 
proportions  of  raw  materials,  strength  of  current,  time 
employed,  and  practical  results  as  compared  with  the 
theoretical.  The  author  gives  first  a  resume  of  some  conclu- 
sions arrived  at  in  a  paper  b}^  him,  read  before  the  American 
Association  for  Advancement  of  Science,  at  Ann  Arbor,  in 
1885,  in  which  among  other  points  established,  he  finds  that 
from  fused  sodium  chloride,  61  per  cent,  of  the  theoretical 
amount  of  sodium  is  reduced  by  electrolysis;  this  being  the 
average  result  of  six  experiments.  It  thus  seems  that  with 
suitable  apparatus  from  5  to  6  poiinds  of  Na  could  be  pro- 
duced in  24  hours  to  one  electrical  horse-power,  thus,  if  there 
were  no  practical  difficulties  in  the  construction  of  crucibles 
and  other  apparatus  involved,  nor  in  working  continuously 
on  a  large  scale  with  a  raw  material  so  cheap  and  pure  as 
NaCl,  the  metal  could  be  obtained  at  a  small  cost  and  could 
be  applied  to  the  reduction  of  other  difficultly-reducible 
metals,  including  that  very  valuable  metal  Al. 

He  next  turns  his  attention  to  the  alloys  of  sodium  with 
lead,  and  also  with  tin.  He  finds  that  "  they  can  be  heated 
to  a  higher  temperature  than  pure  Na  or  K,  in  acid  (silic- 
ious)  crucibles,  without  the  Na  or  K  attacking  the  crucible." 

Description  of  the  properties  of  the  sodium-lead  alloys 
are  given  :  the  proportions  of  the  two  metals  varying  from 
I  part  of  sodium  with  g  parts  of  lead,  up  to  i  part  sodium 
with  1 1  parts  lead.  These  richer  alloys  c^n  be  cut  with  a 
knife,  like  sodium,  and  act  very  rapidly  when  thrown  upon 
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water.  The  same  properties  are  peculiar  to  the  sodium-tin 
alloys. 

These  alloys  are  formed  b}^  passing  a  current  through 
melted  NaCl  in  crucibles  containing  lead  or  tin  serving  as 
a  cathode. 

A  series  of  nine  experiments  are  reported,  in  most  of 
which,  however,  cryolite  was  mixed  with  the  salt.  A  small 
amount  of  aluminium  was  in  all  cases  reduced,  which  was 
separate  mostly  from  the  lead-  or  tin-sodium  alloy.  But  the 
principal  yield  of  Al  was  obtained  by  heating  the  soditim 
alloy  with  cryolite  afterwards  in  another  crucible.  It  may 
be  interesting  to  cite  a  part  of  one  experiment. 

''Experiment  S. — Passed  80  amperes  with  24 volts  through 
four  crucibles  in  series,  for  six  hours,  using  i  part  of  cryolite 
to  3  parts  of  NaCl  with  450  grains  lead  in  each  crucible. 
*  *  *  Two  hundred  and  fifty  grains  of  quite  pure  Al 
was  obtained,  with  a  large  amount  of  Na  in  the  remelting 
with  cryolite.  There  was  then  actually  obtained,  besides 
all  losses,  in  round  numbers,  i  pound  of  Al  to  the  electrical 
horse-power  per  day  of  24  hours. 

"  Probably  8  to  10  per  cent,  can  be  obtained  from  cryolite, 
where  the  theoretical  yield  is  I2'85  per  cent. 

"  The  best  results,  and,  in  fact,  the  only  quantitative 
results  that  have  yet  been  published,  so  far  as  I  am  aware, 
for  the  separation  of  Al  by  electrolysis,  are  reported  by  Dr. 
John  Hopkinson,  of  the  Kleiner  process,  where  3  grains 
were  produced  to  the  electrical  horse-power  per  hour,  which 
would  be  about  one-sixth  of  a  pound  in  24  hours." 

Mr.  Rogers'  results  may  be  summed  up  as  follows : 

(i)  The  formation  of  a  rich  alloy  of  lead  or  tin  with 
sodium,  by  electrolyzing  common  salt  at  a  high  heat,  in 
presence  of  lead  or  tin. 

(2)  The  reduction  of  aluminium  from  cryolite,  or  from 
the  double  chloride  of  aluminium  and  sodium,  by  simple 
heating  with  the  above  sodium  alloy. 

(3)  A  yield  of  aluminium,  six  times  greater  than  has  ever 
been  obtained  by  electrolysis. 

His  paper  is  well  worth  the  attention  of  all  metallurgists. 

P. 
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ACTION    OF    THE    GAS    from    As,0,   and    HNO,   upon 


/-OXYBENZOIC    ACID. 


By  Edgar  F.  Smith. 


\^  Read  at  the  Stated  Meeting  of  the  Chemical  Section,  November  ig,  /SSg.l 

In  vol.  viii,  p.  99,  of  the  American  Clientical  Journal,  I 
called  attention  to  the  fact  that  when  methyl  salicylate,  in 
ethereal  solution,  was  exposed  to  the  gas  arising  from 
arsenic  trioxide  and  nitric  acid,  ethers  of  a  and  ^5-meta-nitro- 
salicylic  acids  were  produced.  This  procedure  .gave  a 
ready  method  for  the  production,  as  well  as  an  easy  means 
of  separating  these  two  acids,  the  ether  of  the  «-acid  being 
readily  soluble,  while  that  of  the  ;9-acid  was  practically 
insoluble  in  ether. 

The  ethyl  ether  of  meta-oxybenzoic  acid,  in  ether,  gave 
when  acted  upon  as  above  ethers  of  /?-nitro-meta-oxybenzoic 
acid-(m.  p.  230°  C.)  and  trinitro-meta-oxybenzoic  acid  (m.  p. 
111°  C).  The  details  of  this  investigation  maybe  found  in 
the  Proceedings  of  the  American  Phil.  Soc,  September  7,  1888. 
I  have  recently  experimented  in  the  same  line  wih  /-oxy- 
benzoic  acid.  The  starting  point  was  ethyl  para-oxyben- 
zoate,  prepared  according  to  the  recommendation  of  Hart- 
mann  in  the  Journal  fitr  praktische  Cliemie  [II],  16,  50.  The 
ether  thus  obtained,  after  cr}-stallization  from  water,  gave 
the  constant  melting  point  ii2°-5  C-,  as  stated  by  Graebe 
{Annalen,  139,  146),  and  not  116°  C,  as  given  by  Hartmann. 
The  pure  ether  was  next  dissolved  in  ordinary  ether,  and 
the  solution  then  acted  upon  for  one  and  one-half  hours,  in 
the  cold,  by  the  vapors  from  nitric  acid  and  arsenic  trioxide. 
The  flask  containing  the  ethereal  solution  was  corked  and 
allowed  to  stand  in  a  cool  place  for  several  days,  after 
which  the  ether  was  distilled  off.  The  residue  was  dark 
and  oily,  but  after  several  hours  became  solid  and  crystal- 
line. By  solution  in  hot  alcohol  and  recrystallization  long, 
stout,  red-colored  needles  were  obtained.  These  melted 
regularly  at  6g°-'jo°  Q.     Earth  (Journal  fur  prakt.  Cliemie, 
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100,  369),  speaking  of  the  action  of  nitric  acid  i:pon  ethyl 
/-oxybenzoate  mentions  two  products,  ethyl  nitroparaoxy- 
benzoate  and  ethyl  dinitroparaoxybenzoate.  His  descrip- 
tion of  the  mononitro-ether  is  so  meagre  that  I  was  not  able 
to  determine  at  first  whether  I  was  dealing  with  a  well- 
known  compound  or  an  entirely  new  product.  The  subse- 
quent analysis  of  the  free  acid  left  no  doubt  as  to  the  iden- 
tity of  my  compound  and  that  described  by  Barth.  This 
chemist  remarks  that  the  melting  point  of  the  nitro-ether 
lies  below  —  100°  C,  I  have  found  it  as  above  — 69°-70°  C. 
On  boiling  the  ether  with  caustic  potash  for  some  time  and 
then  acidulating  the  alkaline  liquid  a  crystalline  mass  sepa- 
rates. It  dissolves  readily  in  hot  water,  crystallizing  from 
it,  on  cooling,  in  long  needles  with  a  faint  yellow  color.  At 
times  the  needles  showed  a  flesh-red  color ;  this  was  removed 
by  boiling  the  aqueous  solution  with  animal  charcoal. 
When  pure  the  acid  melted  at  184°-! 85°  C,  the  same  as  the 
acid  obtained  by  Barth.  A  nitrogen  determination,  made 
by  Mr.  Seal  of  this  laborator}-,  gave  7"95  per  cent.  N.  The 
required  X  for  a  mononitro-Z-oxybenzoic  acid  is  7-65  per 
cent. 

An  attempt  to  estimate  the  nitrogen  in  the  ether  by  the 
Kjeldahl  method,  failed. 

Griess  {Bericktc,  20,  480)  also  obtained  nitro-/-oxybenzoic 
acid  of  melting  point  185°  C,  and  showed  that  it  was  iden- 
tical with  the  acid  he  had  previously  prepared  from 
/-amidonitro-benzoic  acid  by  boiling  with  KOH,  so  that  its 
constitution  and  that  of  the  acid  prepared  by  me  as  above 
described  is  undoubtedly 

COOH 


NO., 
OH 

Hasse  {Berichte,  10,  2,188)  states  that  nitro-/-oxybenzoic 
acid  contains  water  of  crystallization.  The  acids  of  Barth, 
Griess  and  myself  are  anhydrous. 

While  /-nitro-oxybenzoic  acid  requires  a  large  volume  of 
Whole  No.  Vol.  CXXVIII.— (Third  Series,  Vol.  xcviii.)  32 
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hot  water  for  its  solution,  its  sodium  salt  is  very  soluble, 
and  from  its  concentrated  liquid  separates  in  beautiful  red 
colored  needles  forming  bundles. 

The  amide  of  the  acid  [Q.^^  (NOj  OH.  CONH^)  consists, 
of  beautiful  orange-yellow  colored  tufts.  It  melts  at 
i6o°-i6i°,  and  dissolves  easily  in  hot  alchohol. 

The  above  account  concludes  my  study  of  the  action  of 
the  vapors  from  nitric  acid  and  arsenic-trioxide  upon  the 
three  hydroxy-benzoic  acids.  The  results  briefly  summarized 
are  these : 

With  ortho-oxy-benzoic  acid  two  nitro  acids  were  obtained ; 
with  meta-oxy-benzoic  acid  one  nitro  acid  and  a  tri-nitro- 
meta  product  resulted,  and  with  para-oxy-benzoic  acid  one 
meta-nitro  acid. 

The  course  of  the  reaction  in  these  three  cases  (the 
;«-oxy-acid  excepted)  was  not  attended  by  any  troublesome 
intermediate  products,  and  for  this  reason  the  method  may 
perhaps  become  serviceable  in  the  nitration  of  other  oxy- 
acids. 

Chemical  Laboratory  of  the  Univ.  of  Pa., 

Philadelphia,  November  i8,  1889. 


VANADIUM  IN  CAUSTIC  POTASH. 


By  Edgar  F.  Smith. 


{Read  at  the  Stated  Meeting  of  the   Chemical  Section,  November  ig,  iSSg?^ 

The  occurrence  of  vanadium  in  commercial  caustic  soda 
has  been  noticed  (See  Baumgarten,  Zcitschrift  fiir  C/icinie, 
1865,  605,  and  Donath,  Zcitschrift  fiir  Analyt.  Clicmic,  21, 
45).  As  far  as  I  am  aware,  it  has  not  been  observed  in 
caustic  potash,  hence  the  following  lines. 

While  engaged  in  making  certain  decompositions,  for 
which  I  employed  the  ordinary  stick  potash,  I  was  rather 
surprised,  after  saturating  the  alkaline  solutions  with  hydro- 
gen sulphide,  acidulating  with  hydrochloric  acid,  and  heat- 
ing for  several  hours,^  to  discover  that  the  separated  sulphur 
showed  a   decidedly  ,chocolate-brown   color.     This  occurred 
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repeatedly.  The  quantity  of  dark  material  was  never  very 
great,  yet  it  was  present,  even  in  potash  from  alcohol.  Some 
preliminary  experiments  were  made  which  pointed  to 
vanadium.  I  therefore  saturated  the  warm  aqueous  solu- 
tion of  three  pounds  of  stick  potash  with  hydrogen  sulphide. 
Heat  was  applied  for  several  hours  longer,  and  during  this 
period  the  liquid  gradually  assumed  a  yellow  to  deep  red 
color.  Hydrochloric  acid  was  added  to  distinct  acid  reac- 
tion. The  separated  sulphur  was  quite  dark  in  color.  After 
filtration  and  washing,  the  residue  was  dried  and  treated 
with  carbon  disulphide  to  extract  the  free  sulphur.  The 
chocolate-colored  mass  remaining  after  this  treatment  dis- 
solved, with  exception  of  a  slight  quantity,  in  yellow  ammo- 
nium sulphide,  from  which  it  was  reprecipitated  by  dilute 
acid.  Again  washed,  treated  with  carbon  disulphide,  and 
carefully  ignited,  there  remained  a  crystalline  mass.  With 
a  small  quantity  of  this  last  product  I  made  the  phosphor- 
ous bead  test — yellow,  passing  through  dark  to  green  when 
cool.  Another  special  test  consisted  in  dissolving  a  portion 
of  the  ignited  residue  in  a  drop  of  cone,  sulphuric  acid,  free 
from  iron.  One  cc.  of  water  was  next  added,  and  to  this 
colorless  solution  from  one  to  three  drops  of  a  dilute  potas- 
sium ferrocyanide  solution,  whereupon  the  liquid  acquired 
a  fine  gi-een  coloration.  This  latter  test  Dr.  Walz  [American 
Chemist,  vol.  vi,  p.  453)  employed  in  detecting  the  minute 
quantities  of  vanadium  in  American  magnetites.  He  con- 
siders it  conclusive  evidence  of  the  presence  of  vanadium. 
The  most  important  test,  and  that  which  I  applied  to  the 
remainder  of  the  ignited  residue,  after  effecting  its  solution 
in  nitric  acid,  was  to  add  a  large  piece  of  ammonium  chlo- 
ride to  the  ammoniacal  solution.  The  morning  following, 
crystals  of  ammonium  vanadate  had  separated.  These  gave 
the  true  vanadium  bead,  and  when  ignited,  moistened  with 
pure,  strong  nitric  acid  and  evaporated,  left  the  deep  red- 
colored  residue  characteristic  of  vanadium  compounds. 

The  vanadium  sulphide,  as  first  obtained,  was  impure, 
consequently  the  reactions  were  at  times  masked,  and  it 
was  only  after  eliminating  some  silver  and  iron  that  the 
reactions  were  unquestionable. 
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The  impure  sulphide  from   the   three  pounds  of  caustic 
potash  weighed  about  one-half  gramme. 
Chemical  Laboratory  of  the  Univ.  of  Pa., 

Philadelphia,  November  i8,  1889.  •; 


NOTES  AND  COMMENTS. 


CHEMISTRY. 
New  Photographic  Developers. — Eikonogen,  introduced  but  a  few 
months  ago  by  Dr.  Andresen,  of  Berlin,  as  a  developing  agent  for  dry  plates 
and  bromide  paper,  seems  to  have  grown  into  favor  with  more  extended  tests 
and  to  justify  in  a  high  degree  the  expectations  formed.  The  following  are 
the  most  prominent  facts  of  its  current  literature,  already  quite  extensive. 
Chemically  it  is  the  sodium  salt  of  amido-5-naphthol- 9-sulphonic  acid, 
having  the  symbol 

f    SOjNa 
CioH      \    OH 
i   NH„ 

The  formulae  for  its  use,  as  well  as  its  action,  are  closely  analogous  to 
those  of  hydroquinone.  The  deposit  formed  by  it  is,  however,  said  to  be 
finer  and  of  a  very  delicate  bluish-black  color,  thus  bringing  out  all  the 
fin'est  details.  By  some  hydroquinone  is  regarded  as  giving  stronger  nega- 
tives, all  things  being  equal,  but  the  eikonogen  as  giving  better  half  shadows, 
and  consequently  better  for  portraiture  than  for  landscape  photography.  It 
is  said  to  be  particularly  well  adapted  for  lantern  slides  and  line  work  nega- 
tives; and  in  spectroscopic  photography  it  seems  as  sensitive  as  pyrogallol 
in  giving  the  shades  of  depth  corresponding  to  variation  in  brightness  of  the 
spectral  lines,  and  at  the  same  time  to  give  a  picture  with  blacker  lines,  more 
easily  seen  under  the  microscope. 

For  bromide  paper,  according  to  General  Brown,  it  is  undoubtedly  the 
developer  of  the  future,  affording  warmer  tones  than  the  oxalate,  and  beauti- 
fully clear  whites,  without  acid  flushing,  with  simple  rinsing  with  water  before 
fixing.  Whilst  the  appearance  of  the  picture  is  slow,  especially  as  a  used 
developer,  preferably  twenty-four  hours  old,  is  preferred,  the  development  is 
regular  and  uniform  to  every  detail,  without  risk  of  staining ;  and  the  same 
solution  can  be  used  for  a  number  of  prints.  It  is  said  to  be  unaffected  in 
its  action  by  variation  in  temperature,  and  therefore  adapted  to  all  chmates. 
It  is  non-poisonous ;  does  not  stain  the  fingers  ;  will  keep  over  a  month 
mixed ;  acts  so  energetically  that  only  half  the  exposure  is  required  as  that 
•with  pyrogallol,  and  development  occupies  a  much  shorter  time.  The  solu- 
tion can  be  used  over  and  over  again  without  staining  until  its  reduc- 
ing power  is  exhausted.  It  is,  on  the  other  hand,  especially  adapted  to 
development  of  over-exposures.  With  all  its  excellencies  it  is  a  cheap 
developer,  and  will  keep  indefinitely  as  a  dry  powder.  Its  slight  solubility, 
however,  will  prevent  its  use  in  concentrated  stock  solutions,  as  pyrogallol. 
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The  commercial  article  is  accompanied  by  formula  for  its  use,  and  the 
recommendation  by  some  to  reduce  the  strength  of  these  does  not  seem  to  be 
approved  by  the  most  successful  experimenters  with  it.  The  following  formula, 
by  General  Brown,  for  a  norma!  developer,  will  serve  to  indicate  the  general 
character  of  solutions  used. 

Solution  1. — Sodium  sulphite,  15  grains;  eikonogen,  7^'^  grains;  water, 
I  ounce. 

Solution  II. — Carbonate  of  potassium,  80  grains  ;  water,  i  ounce. 

For  use  mix  with  three  parts  of  I,  one-half  to  one  part  of  II,  according  to 
exposure. 

Pyrocatechine. — Orthodihydroxybenzol,  an  isomer  of  hydroquinone,  with 
the  formula  CoH4(OH)j  is  at  present  a  subject  of  careful  investigation  as  a 
developing  agent  for  dry  plates.  The  results  thus  far  are  quite  promising. 
Its  use  as  a  photographic  developer"  was  suggested  as  early  as  1859  by- 
Wagner.  Eder  and  Toth  announced  its  developing  power  in  alkaline  solu- 
tion in  1880.  Professor  Benoist,  of  Tolouse,  last  year  published  results  of  con- 
siderable experience  with  it.  Dr.  Arnold  pronounces  it  fifteen  times  as  ener- 
getic as  hydroquinone,  and  enumerates  among  its  chief  excellencies,  the 
excellent  tone  and  good  qualities  of  the  negatives  produced  by  it ;  the  absence 
of  fog  ;  loss  of  sensitiveness  to  light  of  the  plates  after  immersion  in  the 
developer,  so  that  development  may  be  continued  after  immersion  in  ordi- 
nary gaslight,  or  even  in  diffused  daylight  without  injury  ;  great  latitude  of 
exposure  as  development  proceeds  slowly,  but  uniformly ;  freedom  from 
stain  to  the  hands ;  simplicity  of  formulse  for  solutions,  and  possibility,  on 
account  of  its  solubility,  of  preparing  concentrated  stock  solutions  which 
will  keep  well  if  the  pyrocatechine  is  chemically  pure,  and  which  can  be 
used  by  the  drop ;  convenience  in  carrying  the  small  quantities  of  ingre- 
dients required  for  development ;  development  without  motion  ;  and  withal, 
on  account  of  its  high  reducing  power,  the  expense,  at  twenty-five  cents  per 
gramme,  is  not  exorbitant,  as  that  quantity  will  develop  100  to  150  plates 
13x18  cm.  He  employs  the  following  stock  solutions;  <^,  one  per  cent, 
solution  of  pyrocatechine ;  b,  twenty  per  cent,  solution  of  potassium  carbo- 
nate. Sodium  carbonate  he  does  not  find  to  answer  as  well.  For  develop- 
ment of  a  well-exposed  plate,  7x9  inches,  one  cc.  of  a  and  5  —  10  cc.  of  b 
are  mixed  with  60  —  80  cc.  of  water.  Sulphite  of  soda  does  not  seem  neces- 
sary or  desirable.  The  mixed  developer  will  not  keep,  and  should  be  used 
only  once.  Carl  Irna,  employing  it  with  carbonate  of  soda  and  sodium  sul- 
phite, as  in  Balagny's  formula  for  hydroquinone,  found  it  more  energetic  than 
the  latter,  whilst  others  have  found  it  less  so.  Dr.  Eder  in  his  more  recent 
experiments  was  particular  to  employ  it  in  its  purest  form,  as  was  Dr.  Arnold, 
and  found  it  a  rapid,  energetic  developer,  yielding  coffee-brown  negatives  of 
good  quality.  He  employed  the  following  solutions  :  A,  pyrocatechine  I  part, 
sulphite  of  soda  4  parts,  water  40  parts ;  B.  carbonate  of  potash  4  parts, 
water  40  parts,  mixing  for  use  one  volume  of  A  with  two  of  B.  The  sulphite 
of  soda  is  not  absolutely  necessary,  but  with  it  the  solution  will  keep  clear 
much  longer. 
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Paraphenylendiamut~Q.,^^{yVii.>),  has  been  found  by  Dr.  Eder  to  act 
well  as  a  developer  for  dry  plates,  having  about  the  same  energy  as  pyro- 
gallol  or  hydroquinone.  As  far  as  experiments  have  been  conducted,  the 
development  with  it  is  regular,  and  negatives  produced  are  delicate  and  sbft. 
It  was  used  with  potash,  without  sulphite,  which  retards  the  development 
greatly,  but  prevents  the  solution  from  becoming  colored.  C.  F.  H. 


BOOK    NOTICES. 


Hints  on  House  Building. — Some  desultory  notes  in  popular  form,  mostly 
reprinted  from  The  Mechanical  News,  by  Robert  Grimshaw,  author  of,  etc. 
Second  and  enlarged  edition.     Practical  Publishing  Company,  New  York. 

This  is  a  small  book  with  a  very  long  title.  It  makes  no  pretension  to 
fine  writing,  but  deals  in  practical  suggestions.  Directions  are  given  for  the 
proper  choosing  of  sites  for  building,  correct  modes  of  construction,  interior 
arrangements,  etc.  What  is  said  inter  alia  respecting  ventilation,  dimensions 
of  rooms,  roofs,  correct  and  safe  construction  of  flues  and  the  notes  on  heat- 
ing should  commend  it  to  the  attention  of  all  desiring  healthy  and  convenient 
homes.  The  booklet  is  dedicated  "  to  those  who  board,  and  to  those  who 
inhabit  flats  and  are  able  to  do  better,"  /.  <?.,  to  build  homes  ;  it  is  a  very  good 
argument  throughout  that  every  man  should  become  a  house-owner.        N. 


A  TRE.A.TISE  ON  Stea.m-Boilers.  By  Robert  Wilson,  C.E.  Enlarged  and 
illustrated  from  the  fifth  English  edition  by  J.  J.  Flather,  Ph.  B.  New 
York.     John  Wiley  &  Sons.     18S9.     pp.  36a,  437. 

This  well-known  book  has  lost  nothing  by  its  treatment  in  the  hands  of 
its  American  editor.  It  has  for  years  been  the  best  work  on  the  subject  of 
steam-boilers  and  only  needed  the  details  of  American  practice  to  make  it 
invaluable.  These  details  have  to  a  great  extent  been  added  in  the  present 
edition.  It  is  a  matter  of  regret  that  the  additions  were  not  made  in  the  body 
of  the  text,  but  were  added  in  the  shape  of  an  introduction  and  an  appendix. 
The  introduction  is  to  some  extent  historical,  as  cuts  are  given  of  spherical, 
haystack  andwagoa  boilers,  after  which  are  given  many  of  the  more  modern 
forms,  but  omitting  entirely  the  marine  type.  Fair  examples  of  the  plain 
cylinder,  flue,  tubular,  Lancashire  and  Galloway  boiler  are  described,  and 
the  various  vertical  and  sectional  are  shown,  the  introduction  furnishing  a 
fairly  satisfactory  groundwork  on  which  to  begin  the  study  of  the  design. 
After  the  introduction  is  given  the  text  of  the  English  edition  with  practically 
no  changes.  This  part  of  the  work  could  easily  have  been  made  more  satis- 
factory to  the  American  reader  by  replacing  the  commercial  names  used  by 
their  equivalents,  which  are  more  familiar  in  this  country,  and  bringing  the 
text  to  date.  The  use  of  corrugated  furnaces  is  spoken  of  as  something 
simply  proposed,  instead  of  having  been  in  use  now  for  a  number  of  years. 
The  use  of  steel  is  spoken  of  as  something  comparatively  rare.  As  this  part 
of  the  text  is  entirely  English,  it  would  not  have  been  amiss  to  have  at  least 


Dec,  1889.]  Book   Notices.  495 

stated  the  brands  of  American  irons  and  something  of  their  relative  properties. 
A  few  errors  have  been  carried  along  from  one  English  edition  to  another 
and  appear  in  this  one,  the  most  noteworthy  one  being  for  the  thickness  of  a 
sheet  between  two  series  of  stays,  in  which 

—  =  c  a  d- 

2 

is  given  as  the  strength  of  a  rectangular  beam,  /,  long,  b,  broad,  and  d, 
deep;  iu  being  the  load  uniformly  distributed,  and  c  the  strength  of  the 
material,  the  beam  being  fixed  at  the  ends. 

The  appendix  supplements  the  text  very  nicely,  as  it  answers  many  of  the 
questions  a  beginner  would  ask.  Figures  showing  many  of  the  details  of 
bracing  are  given,  and  many  of  the  boiler  attachments,  such  as  safety  valves, 
fusible  plugs,  gauges,  water  columns,  grate  bars  and  sediment  collectors  are 
shown  by  examples  of  the  most  approved  forms.  The  inevitable  steam- 
boiler  explosion  pictures  are  shown,  including  the  picture  of  the  explosion  of 
the  vertical  boiler  which  first  (?)  appeared  in  the  Scientific  American  in  1882, 
and  in  nearly  every  book  and  paper  on  the  subject  since.  While  figures 
showing  the  running  gear  of  an  agricultural  boiler  after  an  explosion,  and 
the  trajectory  of  a  boiler  which  started  from  a  third-story  window  and  landed 
a  few  squares  away,  and  apparently  illuminated  the  houses  it  passed  over, 
may  be  of  considerable  interest,  they  are  entirely  out  of  place  in  a  work  of 
this  kind. 

Numerous  tables  are  given  in  the  appendix,  which  are  of  considerable 
value,  among  others  the  values  of  American  coals,  standard  dimensions  of 
boiler  tubes,  ratio  of  heating  surface  to  horse-power  and  grate,  factors  of 
evaporation,  and  Kent's  chimney  tables.  Taken  as  a  whole,  the  work  is  in  a 
more  satisfactory  shape  than  in  the  English  edition,  but  might  be  even  better 
adapted  to  the  needs  of  the  American  reader.  H.  W.  S. 


The  Garden  of  Edex.  The  allegorical  meaning  revealed,  etc.  One  of 
the  numerous  lectures  delivered  by  Mrs.  Victoria  Claflin  Woodhull,  in  the 
principal  cities  throughout  the  United  States. 

This  composition  is  of  the  class  which  takes  an  idea,  more  or  less  important, 
and  proceeds  to  run  away  with  it  and  make  it  a  universal  key  to  all  that  is 
mysterious  in  life.  Such  an  idea  (with  due  deference  to  Mr.  Donnelly)  was 
that  of  making  the  roughly-printed  old  folios  of  Shakspere,  with  their 
clumsy  typography,  contain  a  cipher  of  unparalleled  intricacy.  Such  are  the 
interpretations  of  prophecy  worked  out  of  the  Scriptures  from  time  to  time,  and 
made  to  indicate  either  the  end  of  the  world,  or  the  identity  of  some  man  who 
has  made  himself  prominent  with  the  antichrist.  These  amusements  are 
harmless  enough,  and  seem  inseparable  from  the  life  of  even  civilized  man. 
They  amount  simply  to  ingenious  exercises  requiring  the  term  of  the  proph- 
ecy they  interpret  to  disprove  the  solution.  This  lecture,  however,  though  the 
same  in  general  scope,  is  different  from  the  harmless  crazes  above  alluded  to, 
inasmuch  as  it  gives  evidence  of  having  been  conceived  in  a  brain   addicted 
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to  salacious  introspection.  All  the  professions  of  high-toned  virtue  with 
which  the  pamphlet  abounds,  do  not  suffice  to  mitigate  its  distinctly  unclean 
influence.  The  interpretation  of  the  meanings  of  the  words  Pison,  Gihon, 
Hiddekel  and  Euphrates,  the  four  branches  of  the  river  which  went  out  o{ 
the  garden  of  Eden,  is  somewhat  ingenious  but  very  far-fetched  indeed.  The 
Garden  of  Eden  is  the  abdominal  cavity,  whence  the  river  branches  into 
"  Pisori,"  the  circulating  blood  ;  "Gihon,"  the  stream  which  carries  off  the 
waste  solid  residues;  "Hiddekel,"  which  performs  the  same  function 
for  the  liquids,  and  "  Euphrates,"  which  "  flows  through  the  reproductive 
system."  This  is  an  excellent  pamphlet  to  omit  from  the  shelves  of  a  library 
of  useful  books.  F. 


Franklin    Institute 
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Hall  of  the  Franklin  Institute, 
Wednesday,  November  20,  1889. 

Joseph  M.  Wilson,  President,  in  the  Chair. 

Present,  fifty-four  members  and  ten  visitors. 

Additions  to  membership  since  the  previous  meeting,  forty-six. 

Mr.  Wm.  L.  Boswell,  one  of  the  delegates  of  the  Institute  to  the  late 
Universal  Exposition  in  Paris,  presented  an  oral  report  on  the  subject  of 
"The  Fire  Defences  of  Paris,  as  Compared  with  those  of  American  Cities, 
and  especially  of  Philadelphia."  The  speaker  discussed  the  theme  at  some 
length,  and  presented  an  instructive  contrast  of  conditions  and  usages  in 
vogue  in  the  two  countries.  The  subject  was  illustrated  graphically.  It  was 
freely  discussed  by  Messrs.  Fullerton,  Weaver,  Wiegand  and  Boswell. 
Mr.  Boswell's  report  will  appear  in  the  Journal. 

The  President  made  some  remarks  upon  his  observations  of  trade  schools 
in  France  and  England,  having  been  charged  with  the  task  of  investigating 
the  organization  and  mode  of  operation  of  such  institutions  on  behalf  of  the 
projected  school  of  Mr.  A.  J.  Drexel,  of  this  city.  The  President  proposed 
to  make  this  theme  the  subject  of  an  elaborate  report,  for  early  publication  in 
the  Journal. 

Mr.  W.  N.  Jennings  exhibited,  with  the  aid  of  the  lantern,  a  series  of 
photographic  views,  taken  along  the  line  of  the  Pennsylvania  Railroad, 
shortly  after  the  disastrous  floods  of  last  spring,  that  proved  so  destructive  of 
life  and  property.  The  pictures  embraced  views  showing  the  break  in  the 
South  Fork  Dam,  the  remains  of  the  well-known  Conemaugh  Viaduct,  and 
of  wrecks  of  a  number  of  locomotives  and  trains. 

The  Secretary  presented' his  usual  report  of  technical  progress,  and  the 
meeting  adjourned.  '\  Wm.  H.  Wahl,  5>r>v'/.">'. 
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Hall  of  the  Franklin  Institute. 
Philadelphia,  October  31,  1889. 
temperature. 

The  mean  temperature  of  fifty-nine  stations  for  October,  1889.  was  47°2, 
which  is  about  4°  below  the  average,  and  1°  above  the  month  of  October, 
l888.  The  means  of  the  daily  maximum  and  minimum  temperatures,  were 
57°"3,  and  37°'3,  respectively.  These  give  a  mean  temperature  of  47°'3,  and 
an  average  daily  range  of  2o°o.  The  stations  that  recorded  the  highest 
temperatures  during  the  month  were  Coatesville,  83°;  Annville,  82°;  West 
Chester,  80° ;  Lancaster,  80°,  and  Westtown,  80°.  These  occurred  on  the 
1 2th. 

The  lowest  were  Wellsboro,  13°;  Dyberry,  14°;  Columbus,  14°,  and 
Phillipsburg,  14°.  These  occurred  on  the  24th,  and  are  3°  below  the  coldest 
temperatures  generally  reached  in  October. 

Total  deficiency  in  temperature  during  October,  at  Pittsburgh,  103°. 

Total  deficiency  in  temperature  during  October,  at  Philadelphia,  110°. 

Total  excess  in  temperature  since  January  ist,  at  Pittsburgh,  90°. 

Total  excess  in  temperature  since  January  ist,  at  Philadelphia,  222°. 

barometer. 

The  mean  barometer  for  the  month,  30'o8,  is  slightly  above  the  average. 
The  highest  pressure  occurred  on  the  23d,  and  the  lowest  on  the  ist  and 
27th. 

The  extreme  range  was  about  nine-tenths  ["9]. 

precipitation. 

The  average  rainfall  for  the  month  was  385  inches,  which  is  nearly 
normal.  There  was  a  small  excess  in  the  eastern  portion  of  the  State,  and  a 
small  deficiency  in  the  western. 

The  largest  totals  in  inches  were  Eagles  Mere,  861  ;  Reading,  574 ; 
Drifton,  574;  Wellsboro,  5'6l  ;  Westtown,  573;  Swarthmore,  5'29,  and 
Ouakertown,  523. 


General  rain-storms  took  place  on  the  ist,  6th,  12th,  13th,  i4lh,  22d,  23d, 
26th,  27th,  28th  and  31st. 

The  heaviest  rainfall  during  the  month  was  on  the  27th. 

There  was  a  heavy  hail-storm  in  several  sections  on  the  ist,  and  the  first 
general  snow  occurred  on  the  23d.  The  quantity  that  fell  was  smdU  and  soon 
melted. 

Total  deficiency  in  precipitation  during  the  month,  at  Pittsburgh,  O'jo 
inches. 

Total  excess  in  precipitation  during  the  month,  at  Philadelphia,  093 
inches. 

Total  excess  in  precipitation  since  January  1st,  at  Pittsburgh,  3'oo  inches. 

Total  excess  in  precipitation  since  January  ist,  at  Philadelphia,  88 1  inches. 

WIND    AND   WEATHER. 

No  severe  gales  passed  over  the  State  during  the  month.  The  weather 
was  cold  and  wet. 

Average  Number. — Rainy  days,  10;  clear  days,  S;  fair  days,  9;  cloudy 
days,  14. 

Prevailing  Direction  of  Wind. — Northwest. 

MISCELLANEOUS    PHENOMENA. 

Thunder-storms.— Q\i-:vc\^'!,v'\\\&,  nth;  Reading,  12th;  Blue  Knob,  12th; 
Le  Roy,  ist,  27th;  Quakertown,  ist,  12th;  Johnstown.  12th;  Emporium,  ist, 
I2th;  State  College,  ist;  West  Chester,  ist,  12th;  Rimersburg,  12th; 
Grampian  Hills,  12th;  Catawissa,  ist,  12th,  27th  ;  Carlisle,  12th;  Swarth- 
more,  ist;  Uniontown,  31st;  Huntingdon,  1st;  Petersburg,  1st;  Indiana, 
I2th;  Lancaster,  1st;  Myerstown,  ist,  12th;  Annville,  ist,  27th  ;  Wilkes- 
Barre,  ist;  New  Bloomfield,  12th;  Philadelphia,  ist,  12th;  Girardville,  ist, 
I2th  ;  Selins  Grove,  ist,  12th,  13th,  27th;  Eagles  Mere,  ist;  Wellsboro,  ist, 
27th;  Columbus,  1st,  3d,  13th;  Canonsburg.  31st ;  Dyberry,  ist,  12th;  South 
Eaton,  1st;  Gettysburg,  12th;  Centre  Valley,  1st,  12th. 

Hail. — Blue  Knob,  iSth;  Emporium,  1st;  State  College,  1st;  Catawissa, 
1st;  Philadelphia,  1st;  Girardville,  15th;  South  Eaton,  ist;  Centre  Valley, 
1 2th. 

5«<7W.--Charlesville,  23d;  Reading,  23d;  Blue  Knob,  6th,  23d  ;  HoUi- 
daysburg,  23d ;  Le  Roy,  7th,  23d;  Forks  of  Neshaminy,  23d;  Quakertown, 
23d;  Johnstown,  7th,  23d;  Emporium  7th;  State  College,  8th,  23d  ;  Phil- 
lipsburg,  22d  ;  West  Chester,  23d;  Coatesville,  ist;  Kennett  Square,  23d ; 
Rimersburg,  7th;  Grampian  Hills.  23d;  Carlisle,  23d;  Harrisburg,  23d; 
Swarthmore,  23d  ;  Chambersburg,  23d  ;  McConnetlsburg,  23d  ;  Huntingdon, 
23d;  Petersburg,  23d;  Indiana,  7th,  23d;  Lancaster,  23d;  Myerstown,  23d; 
Annville,  23d  ;  Drifton,  23d  ;  Wilkes-Barre,  23d  ;  Greenville.  7th  ;  Pottstown, 
23d;  New  Bloomfield,  23d;  Philadelphia,  23d;  Girardville,  22d;  Selins 
Grove,  7th,  23d  ;  Eagles  Mere,  7th,  22d  ;  Wellsboro,  7th,  14th,  22d  ;  Dyberry, 
23d;  Honesdale,  22d ;  York,  23d;  Gettysburg,  23d;  Centre  Valley,  23d; 
Westtown,  23d;  Nisbet,  23d. 

Frost. — Pittsburgh,  15th,  16th,  19th,  21st,  23d,  24th  ;  Charlesville,  3d,  5th, 
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T.  F.  TOWNSEND.  Sergeant  Siena/  Carts.  Assistant. 


Monthly  Summary  of  Reports  by  Voluntary  Observers  of  the  Pennsylvania  State  Weather  Service  for  October,  1889. 


Station. 


Aaami,' Gettysburg  ^24days), 

^Beghenv,^  .    .    .   .      Pittsbuigh 

BedRrd, Charlesville,    .... 

Berks.' Reading, 

BUir.s Altoona, 

Blair, Blue  Knob 

BUir, Hollidaysburg,   .    .    . 

Bradford Wysox 

Bradford,     ....     Le  Roy 

Bucks j  Forks  of  Neshaminy, 

B-jck? Quakcrtown,  .... 

C-i    '-  r '  Johnstown, 

Ci  .  _ :      Emporium, 

C-.::    :       Mauch  Chunk  (19  days). 

Ceriu-e. State  College— 

♦  I       Agricultural  ExperimentStation, 

Cectre j  PhiUipsburg,  . 

Qiester, '  West  Chester, 

Chester, Coatesville,     . 

^ester.i '  Kennett  Square 

fciester,* ;  Westtown,    .   . 

u2jion '  Rimersburg,    . 

jpariOD, Clarion — 

State  Normal  School, 
Oear6eld,    ....     Grampian  Hills,    .  .   . 

Clinton,        ....      Lock  Haven, 

Cciumbia,     ....     Catawlssa, 
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•  I       Allegheny  College,   . 
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>auphin,i    ....     Harrisburg 

Delaware,    ....  1  Swarthmore — 

Swarthmore  College, 

trie,* I  Erie, 

fayette i  Uniontown, 
orrest Tionesta 

I'ra.nklin.i     .....  Chambersburg — 

I       Wilson  Female  College 

'ulton, McConnellsburg,    .   .    . 

limtingdon,!  •  •    -  1  Huntingdon — 

I      The  Normal  College, 

tingdon,    ...      Petersburg, 

la, I  Indiana — 
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Iter,    ....      Lancaster, 

kwrcDce,    ....     New  Castle, 

.....  Myerstown, 

lon, Annville — 

I     Lebanon  Valley  College, 

....     Centre  Valley, 

le [  Drifton— 

;      Drifton  Hospital 

le.i I  Wilkes-Barre  . 

'coming,'  ....     Nisbet,  .... 

,* I  Greenville — 

I      Thiel  College, 
itgomery,  .   .    ,      Pottstown,   .   . 
pton,     .   .      Bethlehem,  .    . 

New  Bloomfield 

>elphia,i     .    .      Philadelphia,  . 

'otter Coudersport, 

thuvlkill,   ....      Girardville,      . 

Snyder, Selins  Grove, 

Somerset Somerset,     .   . 

SuUivan Eagles  Mere,  , 

poga, Wellsboro,  .   . 

^O'on,' Lewisburg,  .   . 

J;arren Columbus, 

Washington,  .   .   ,     Canonsbui 


ayne, 
Wayne, 


Canonsburg, 


HonC! 
South  Eaton 
York,     .   .   . 
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624 
847 

1,300 

304 

1,181 

2,100 

947 
718 

1,400 


536 
1,184 
1,030 

550 

1,191 
1.350 
455 
380 
275 
350 
1,500 

1,53° 

1.450 

560 

49' 

1.050 
480 
361 

190 

681 

1.000 

1,057 

6t3 
875- 

650 
700 


1.350 
411 
93? 
474 

339 
348 

1,655 
575 
550 

1,000 
150 
360 
400 

■17 
1.670 
1,000 

445 
2,250 
2,060 
1.327 

450 
1,410 

950 
1,100 
1.000 

660 

385 


Barouetbr. 


30'o88 
30-051 


30-074 


30-050 
30-076 


30-032 
30-028 


30-080 

30-027 
30-090 
30-008 


30-392 
30'40S 


30-488 


30-390 
30-370 


30-404 
30-372 


30-062 
30-01 


30-001 


30-056 


30-082 


30-119 
30-050 


■364 
30-342 


30-520 
30-.444 


664 


'624 


763 


Temperature. 


49'7 
51-0 
47'2 
49-8 
51-2 
448 
41-0 
43'7 
42-7 
49-8 
47'4 
47'i 
46-3 
46-8 

46-0 
44-0 

49'9 
48-3 
50-0 
49'4 
46-0 

45-8 
45-0 


48-0 


50-1 
50-1 

SO-I 
46-0 
50-1 


47'9 
48-2 

46-s 
46-5 

47'i 
49'7 
48-0 


53-6 
53'5 

45-0 
49-0 
45-1 

42-2 
51-0 
51-0 

47'4 
52-8 


46-5 
48-9 
44-6 
41-7 
40-9 
44-2 
43-0 
45'o 
41-7 
45-4 
45-0 
49'9 


79-0 
75-0 


75 'o 
71-0 
70-0 
76-0 
70:5 
66-0 


77'5 
73-0 
69-0 
74 '5 

72-0 
75-0 
8o-o 
83-0 


80-0 
71*0 


7'"5 
70-0 


78-0 
76-0 

79'3 
69-0 
75-0 


78-0 
77-0 

76-0 
76-0 

72 '6 
80-0 
73-0 
76-0 

82-0 
82-0 

680 
75-0 


16 
11,    12 


26-0 
30-0 


27-0 
26-0 


20-0 


26-5 

2t-0 
15-0 
24-0 


26-5 
23-0 


19-0 
20-0 


22-5 
29-0 

32-0 
30-0 
25-0 


18-0 
20-0 

21-3 
27-0 
17-0 
26-8 

32-0 
30-0 

26-0 
23-0 


i9'3 
30-0 
28-0 

20-0 
32-0 


24 
24 
24 

24 


25 
24 
24 
24 

24 

24 

24 

22,     24 


24 


24 
26 


24 
24 


24 

9 


24 
24 


24 
24 


24 
24 


24 

24 
24 
23 


17-0 
i8-o 
13-0 
20-0 
14-0 
23*0 
14-0 
i8-o 
20-5 
27-5 


24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 


E 
1^ 


58-4 
59 '3 


60-3 
59 '9 


S3 '9 
49-8 


56-8 
56-3 

54-6 
56-1 
59  6 
61-2 


60-8 
52-0 


55-3 
50-9 


61-9 
57-8 

59'7 
5^-o 
583 


58-1 
60-4 

60-4 
57' I 

60-0 
59'5 
56-7 
03'3 


SS 


40-4 
42-7 


39'3 
42-6 


35'o 
34'4 
36-7 


37"4 
37"5 
33'9 
37'3 

37'3 
33'o 
41-7 
38-7 


38-0 
39-0 


35-6 
38-1 


41-9 
42'5 

4i'3 
40-0 
41-2 


65-0 


55'i 
59-0 


55-'^ 
59'° 
59 -o 
58-7 
60-1 


56-3 
6x'4 
57'' 
47'5 
50-8 
54' I 
52'3 
60-0 

53'7 
54-0 

54'7 
62-1 


37"! 
37'7 

36-2 
38-3 

31-0 
39'3 
35-0 
38-5 


36-5 
39 'o 


33-6 
43-0 
40-0 
36-3 
45'4 


32-4 
342 
34'7 
31-8 
34-2 
337 
35-5 
32-9 
36-7 

35-3 
39'3 


Daily  Range. 


18*0 
16-6 


21-0 
I7'3 


25-0 
19'5 
13-1 


21-3 
22-9 
19-0 

»7'3 
23-1 
17-9 
22-5 


22-8 
13-0 


20-0 
I5'3 

18-4 

I2-0 

17-1 


21-0 

22"7 
24-2 

iS-8 

29-0 
20-2 
21-7 
24-8 


i8-6 
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Prof,  E-  S.  Breidenbaugh. 

Oscar  D.  Swwait,  Sgt.  Sig.  Corp. 

Rev.  A.  Thos.  G.  Apple. 

C.  M.  Dechant,  C.E. 

Dr.  Charles  B.  Dudley. 

A.  H.  Boyle. 

Prof.  J.  A.  Stewart. 

Charles  Bcecher. 

Geo.  W.  T.  Warburton, 

J.  C.  HiUman. 

J.  L.  Heacock. 

E.  C.  Loieotz. 

T.  B.  Uoyd 

John  J.  Boyd. 

Prof.  Wm.  Frear. 

Geo.  H.  Dunkle. 

Jesse  C.  Green.  D.D.S. 

W.  T.  Gordon. 

Benj.  P.  Kirk. 

Prof.  Wm.  F.  Wickersham. 

Rev.  W.  W.  Deatrick.  A.M. 

C.  M.  Thomas,  B.S. 
Nathan  Moore. 
Prof.  John  A.  Robb. 
Robert  M.  Graham. 


R.  B.  Derickson. 
N      i       N  J.  E.  Pague. 

N  N  Frank  Ridgway.  Sgt.  Sig.  Corp*.. 

NW     I      NW  I  Prof. Susan  J.  Cunningham. 
SW           SW         Peter  Wood,  Sgt  Sig.  Corps. 
NW          NW       Wm.  Hunt. 
R.  L.  Haslet. 


Miss  Mary  A.  Ricker. 
Thomas  F.  Sloan. 


WW!       W  Prof.  W.  J.  Swigart. 
W      I       W      I       W      ,  J.  E.  Rooney. 

NW    I       N  NW  Prof.  S   C.  Schmucker. 

W      '       W  \V  E.  E.  Weller. 

WW  W  Wm.  T.  Butr. 

NW     I    NW  NW  Wm.  H.  Kline. 

W      ]       W  W  Geo.  W.  Bowman.  A.M..  Ph.D. 

N  NW  NW  H.  W.  Mullen. 

NW         NW    I      NW  H.  D.  MUler.M.D. 
NE           NE     i       NE  A.  W.  Betterly. 
John  S.  Gibson,  P.  M. 

NE     ;      NE     :   Prof.  S.  H.  Miller. 

NW  NE  Charles  Moore,  D.D.S. 

W  SE  Lerch  &  Rice. 

W      I       W  Frank  .Mortimer. 

NW  NW  Luther  M.  Dey.  Sgt.  Sig.  Corps. 

.   .         ...     I  C.  L.  Peck. 

NW  E.  C  Wagner. 

NW  J.  M.  Bover, 

NW  W.  M.  Sc'hrock. 

SW  E.  S.  Ch.Tse. 

N  H.  D.  Deming. 

NE  F.  O.  Whitman 

N  Wm.  Lo»-eland. 

SE  A.  L.  Runion. 

NW  Theodore  D.iy. 

.    .    .     ' I  John  Torrev. 

N  N  N  Benj.  M.  Hall. 

NW    I    NW    i     NW    I  Mrs.  1~  H.  GienenM. 
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•  Observations  uken  at  8  A.  M.  and  8  P.  M.        !  Observations  taken  at  12  Noon. 


T.  F.  TowNSKND,  Sergeant  Signal  Cor/s,  Assistant. 
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8th,  15th,  i6th,  19th,  22d,  24tli  ;  Reading,  9th,  i6lh,  17th,  22d  ;  Blue  Knob. 
31I,  iSth,  19th;  HoUidaysbiirg,  yih,  15th,  24th;  Wysox,  3d,  5th,  8th,  9th,  loth, 
nth.  15th,  i6th,  17th,  iSth,  19th,  22d,  23d,  24th,  25th  ;  Le  Roy,  3d,  5th,  7th, 
9th,  i6th,  19th,  20th,  2lst,  22d,  23d,  24th,  25th  ;  Forks  of  Neshaminy,  8th, 
9th,  17th,  22d  ;  Ouakertown,  3d,  5th,  9th,  17th,  19th,  22d,  24th,  25th;  Johns- 
town, 3d,  5th,  9th,  i6th,  17th,  19th,  22d,  24th,  25th ;  Emporium,  9th,  15th. 
i6th,  17th,  19th,  2ist,  22d,  24th;  State  College,  3d,  5th,  9th,  15th,  i6th,  19th, 
22d  ;  Phillipsburg,  3d,  9th,  15th,  i6th,  19th,  22d,  24th;  West  Chester,  3d, 
gth  ;  Coatesville.  3d,  5th,  8th,  9th,  nth,  17th,  l8th,  19th,  22d ;  Kennett 
Square,  Qth  ;  Rimersburg,  5th,  l^th,  i6th.  21st,  23d,  24th  ;  Grampian  Hills, 
3d,  5th,  9th,  15th,  19th;  Catawissa,  3d,  5th,  9th,  i6th,  17th,  19th,  22d,  24th, 
25th;  Carlisle,  5th,  6th,  gth,  i8th,  22d  ;  Harrisburg,  23d,  24th;  Erie,  l6th, 
i8th.  2ist;  Uniontown,  3d,  15th,  i6th,  19th;  Chambersburg,  3d,  4th,  5th, 
9th,  i6th,  17th,  i8th,  19th;  McConnellbburg,  3d,  5th,  gth,  24th;  Huntingdon, 
gth,  i6th.  17th,  igth,  22d,  24th;  Petersburg,  5th,  6th,  igth,  22d,  24lh  ;  Lan- 
caster, 3d,  4th,  5th,  gth,  17th,  19th,  22d,  24th;  New  Caslle.  gth.  15th,  igth, 
24th  ;  Myerstown,  3d,  5th,  7th,  gth,  17th,  igth,  22d,  24th  ;  Annville,  3d,  igth, 
22d,  24th  ;  Wilkes  Barre,  22d,  23d;  Greenville,  gth,  15th,  i6th,  igth,  21st, 
22d,  23d,  24th;  Bethlehem,  3d,  5th,  17th,  igth,  22d.  24th  ;  New  Bloomfield, 
5th,  7lh,  i6th,  17th,  19th,  2 1st,  24th,  25th  ;  Philadelphia,  2d,  Jtb,  gth,  17th, 
22d;  Girardville,  ist,  2d,  3d,  4th,  5th,  7th,  8th,  gth,  nth,  i6ih,  17th,  iSth, 
igth,  2ist,  22d,  24th;  Selins  Grove,  3d,  4th,  5th,  6ih,  gth,  nth,  i6th,  17th, 
i8th,  22d,  24th,  25th  ;  Somerset,  3d,  4th,  5th,  gth,  15th,  i6th,  17th,  iSth,  igth, 
22d,  25th;  Eagles  Mere,  3d,  4th,  5th,  gth,  15th,  18th,  igth,  23d,  24th  ;  Wells- 
boro,  3d,  5lh,  7th,  gth,  15th,  l6th,  17th,  igth,  22d,  23d,  24th  ;  Columbus,  3d, 
5th,  gth,  nth,  I2th,  i6th,  i8th,  igth,  2lst,  22d,  23d,  24ih,  25th  ;  Dyberry,  3d, 
5th,  8th,  nth,  i6th,  17th,  i8th,  19th,  21st,  22d,  23d,  24th,  25th  ;  Honesdale, 
•gth,  24th;  South  Eaton,  l6th,  17th,  iSth,  ig'.h  ;  York,  17th,  igth,  22d.  2'4th  ; 
Gettysburg,  3d,  5th,  gth,  nth,  12th,  14th,  23d,  24th,  25th,  26th,  31st;  Centre 
Valley,  2d;  Mauch  Chunk,  17th,  igth;  Westtown,  3d.  gth,  i6th.  17th,  22d  ; 
Nisbet,  24th. 

Sleet. — Blue  Knob,  8th,  29th,  30lh  ;  New  Bloomfield,  14th;  Wellsboro, 
22d. 

Corona. — Charlesville,  5th  ;  Reading,  6th  ;  Greenville,  4th,  gth. 

Solar  Hahs. — Le  Roy.  3d  ;  Philadelphia,  igth;  Eagles  Mere,  3d,  12th; 
Wellsboro,  3d. 

Lunar  Hahs. — Le  Roy,  2d  ;  State  College,  2d.  8th  ;  West  Chester.  4th  ; 
Catawissa,  8th;  Petersburg,  2d ;  Dyberry,   8th. 

Meteors. — Eagles  Mere,  i8lh. 

WE.^THER  FORECASTS. 

Percentage  of  local  verifications  of  weather  and  temperature  signals  as 
reported  by  displaymen  for  October,  i88g  : 

Weather,  87  per  cent. 
Temperature,  go  per  cent. 
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TEMPERATURE    AND    WEATHER    SIGNAL    DISPLAY    STATIONS. 
Displayman.  Station, 

U.  S.  Signal  Office, Philadelphia. 

Wanamaker  &  Brown " 

Pennsylvania  Railroad  Company 

Continental  Brewing  Company " 

Samuel  Simpson " 

B.  T.  Babbitt 

Western  Meat  Company " 

Neptune  Laundry " 

Chester  Oil  Company Chester. 

C.  W.  Burkhart, Shoemakerville. 

A.  N.  Lindenmuth AUentown. 

C.  B.  Whitehead, Bradford. 

Capt.  Geo.  R.  Guss West  Chester. 

Werner  &  Son ....  Emporium. 

C.  E.  Lenhart Latrobe. 

Thomas  F.  Sloan McConnellsburg. 

J.  H.  Fulmer, Muncy. 

W.  T.  Butz New  Castle, 

S.  W.  Morrison Oxford. 

Capt.  A.  Goldsmith Quakertown. 

}.  L.  Morrison Sharon. 

Wm.  A.  Engel Shenandoah. 

Wm.  Schrock, Somerset. 

Postmaster, Meadville. 

.Frank  Ross Oil  City. 

Lerch  &  Rice Bethlehem. 

John  W.  Aitken, Carbondale. 

Signal  Office Erie. 

J.  R.  Raynsford,  ...  Montrose. 

E.  P.  Wilbur  &  Co South  Bethlehem. 

Agricultural  Experiment  Station State  College. 

Signal  Office Pittsburgh. 

E.  H.  Baker Williamsport. 

New  Era, Lancaster. 

State  Normal  School, Clarion. 

Clarion  Collegiate  Institute, Rimersburg. 

E.  S.  Chase, Eagles  Mere. 

Thiel  College Greenville. 

D.  G.   Hurley Altoona. 

J.  E.  Forsythe Butler. 

James  H.  Fones, Tionesta. 

Wister,  Hacker  &  Savage Germantown. 

W.  J.  Thompson  &  Co., Clifton  Heights. 

Steward  M.  Drelier,     .; Stroudsburg. 
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Disptayman.  Station. 

State  Normal  School Millersville. 

E.  C.  Wagner Girardville. 

Hartford  P.  Brown Rochester. 

L.  H.  Grenewald, York. 

J.  E.  Pague, Carlisle. 

C.  L.  Peck Coudersport. 

H.  D.  Miller Drifton. 

Smith  Curtis Beaver. 

M.  Tannehill Confluence. 

S.  C.  Burkholder Pollock. 

Robt.  M.  Graham Catawrssa. 

Henry  F.  Bitner, ,     .     .     .     .  Millersville. 

A.  J.  Edelman Pottstown. 

A.  M.  Wildman Langhorne. 

N.  E.  Graham, East  Brady. 

B.  F.  Gilmore Chambersburg. 

Frank  M.  Morrow, Altoona. 

A.  Simon's  Sons Lock  Haven. 

E.  W.  McArthurs, Meadville. 

J.  K.  M.  McGovern Lock  No.  4. 

Raftsman  s  Journal, Clearfield. 

W.  S.  Ravenscroft Hyndman. 

R.  C.  Schmidt  &  Co Belle  Vernon. 

Jesse  R.  Brown Lehmasters. 

H.  W.  Mullen Centre  Valley. 

Mayer  Bros., Bloomsburg. 

E.  C.  Lorentz Johnstown. 

W.  M.  James, Ashland. 

Miller  &  Allison Punxsutawney. 

Dr.  A.  L.  Runion Canonsburg. 

E.  J.  Sellers Kutztown. 
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